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SUblle Isotonic lyophlllzed protein fornulatlon 
Bsdigroand of the Invcntioo 

of the invention 

This mvcntion is directed to a tyophilizcd protein formulation, hi particukv, h relates to a stable 
5 lyophilized prc^in formulation which can be reconstimted wi^ a diluent to genmte a stable reconstituted 
fonnulation suitable for subcutanetm administration. 
I>cscriptk>n of Related Disdosorcs 

In the past ten years, mtvai^es in bic^ecfanology lave made it possibte to produce a variety of f^oteins 
for pharmamttical a|^lications using rcccmibinant DNA techniques. Because imnetns are largo' and more 

10 COTiplex than tr^litkmal organk and iziOTganic chugs (le: possessing multiple 

ccnnplex three-dimenskHxal structuresX the fOTmuladon of such prt^eins poses ^)ecial {m>blans. For a i»otein 
to remain bio!(^cka]ly ^ve, a formulation mu^ i^eserve intact the conformational integrity of at least a core 
seqittirce of die {»tnein*s amino ^ids while at the same time yg w ect in g tlm protem's multiple functional gro^3$ 
frcHn degradation. Degradation pathways for f^oteins can involve dionical instability (ie. any process which 

15 involves modification of the protein by bcmd fomiaiion or cleavage resulting in a new chemical entity) or 
pbyskal instability (ie changes m the higher (mler sTircture of the f^mein). Giemical instability can resuh &t»n 
deamidati<m« racemization, hydrolysis, oxidation, beta elhnination or disulfide exdiange. Physical instability 
can resuh from denaturadon, aggregation, precipitaticm or adsorption, for example. The three most comm<Hi 
prmein cbgradation pathways are protein aggregatkm, ckamidaticm and oxtc^on. Cleland & al. CrUicai Reviews 

2 0 in Therapeutic Drug Carrier Systems 1 0(4): 307-377 ( 1 993). 

Freeze-diying is a ommumly employed technique for preserving proteins whidi serves to ranove water 
from the protein f^eparatkm of interest Freeze-drying, or lyophitizatton^ is a process by which the material to 
be dried b first frozen and then the ice or frozen solvent is removed by sublimation in a vacuum environment 
An excipient may be included in pre-lyophilized formulations to enhance stability during the freeze-drymg 
25 process and/or to im pro ve stability of the lyophilized product upon storage. P ikal, M. B iophxr m. 3(9)26-30 
(1990) and Arakawa et ai Pharm, Res, 8{3):285-29l (1991). 

It is sm th^KX of the f^esent inventitm to i^vide a lyq^ilized {m)tein fcmnulation which b stable upon 
storage and delivery. It is a furtho* ob.^ to f^vide a Aable reccmstituted protein fomiutetkm which is suitable 
for sidjcutaiMCMs achninisnatkm. In certain embodimoits, h is an object to im>vuk a multi-use formubticni which 
30 is stable for at least the time over which h will be administmd to a patknt 

Summary of the Inventran 
This inventkm is based cm the discov^ that a stable lyc^ilized protein formulation can be prepared 
using a lyoprotectant (preferably a sugar such as sucrose ox trdialoseX which lyophilized fcHmuiati<m csn be 
reccmstituted to generate a stabte leomstituted fcmnulaticm Imving a imnein ccmcentrati<m whidi b significantly 

3 5 higher {eg. frcnn about 2-40 times higho-, preferably 3- 1 0 tiroes higher and most preferably 3-6 times higher) 

than the (Hxstein ccmcentration in the f^e-lyophilized fonnulatitm. In partkular, while the pm^in ccmcoitraticm 
in the pre-lyophilized formulation may be 5 mg/mL or less, the protein ccmcentration in the reconstituted 
fcmnulaticm b gmerally 50 mg/mL or more. Such high protein concentrad ns m the reccmstimted formulaticm 
are c nsidered to be particularly useful where the formulation b intended for subcutaneous administration. 
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Despite th very high protein concentration in the reconstituted fonnuJation. it has been found that the 
reconstituted fonnuiatton b stable (Le. fails to disptey signifkant <x unacceptable tevek of chemical gt physical 
instability of the pnnetn) at 2-8'C for at icm about 30 days. In certain embodnnoits. the reconstituted 
fonnulatum b ^(^ic. In spite ofthe use of lower c(»Kximatit»]a of die ly<^»trtectantte 
5 fonnulati<ms upon reconstituticm, it was discovered herein that the pnKctn in the lyc^Mized fcmnuktion 
essentially retains its physical and chemical stability and integrity upon lyof^ulizatkm and storage. 
^ When reccmstituted with a dihient ccmifroing a fneservative (such as b^terks^atk water for injectkm, 

BWFIXthereomstitutedfcmnubtkmnaay bei^i^amuhi-usefonnulatk^ Si^ a ftmnulation is useful, for 
example, where the patient requires frequoit subcutaneous ^hninisiraxions of the protein to treat a chronic 

10 medical cmidition. The advantage of a multi-use fonnulatisHi is that it fecilitaies ease of use for the patmt, 
reduces wa^ by allowing complete use of vial cont^ts, and results in a significant cost savings far the 
manufacturer since several dc^ are packaged m a single vial (Iowa* filling and ^i{^g costs). 

Based on the observatitms (tescribed hereto, in one a^)ect the invention |m>vides a stable isotcmic 
reconstituted fonnulation comfmstng a pn^in in an amount of at least about 50 mg/mL and a diluent, which 

1 5 reconstituted fonnulation has been i^epared frcmi a lyophilized mbcture of a jrotein and a lyqsrotectant, wherein 
the protein concentration in the reconstituted formulation is abcHit 2-40 times greater than the proxtin 
concentraticm in the mixture before lyophilization. 

In another embodiment, the invention provictes a stable reconstituted formulation comprbing an 
anUlxMly in an amotmt of at lea^ about 50 mg/mL and a diluent, which reconstituted formulation has been 

2 0 p rep ar ed from a lyophilized mbctine of an antibody and a tyoprotectant, wherein the antibody concentration in 
the reconstituted formulaticm is abmit 2-40 times greater than the antibody concentration in the mixture before 
lyophilization. 

The ratk) of lyoprotectancy^tein in the lyophilized formulatkm of the preceding paragraphs depends, 
far example, on both the prcHein and lyoprotectant of choice, as well as the desired pn^in concentration and 

2 5 iscmmicity of the reconstituted f^nulation. In the case of a full length andbody (as the pmein) anid trehalose 

or sucrose (as the lyoprotectant) f<^ generating a high f^otein concratration isotonic reconstituted formulation, 
the ratio may, for example, be about 1 00- 1 500 mole trehalose or sucrose: I mole imtibody. 

Generally, the |m-lyq^lized formulatkm of the proiein ami fyi^masctant will further include a buffer 
which |mvKksti»f<»mulat2<m at a suitable pH,c^}emiing(m the prcA^ For this purpose, 

30 it has been found to be ctesirablc to use a histidme Imffer in that, as (kmonstrated below, this appears to have 
lyoprotective jmiperties. 

The f(»mulad<m may further incluck a sur£ictant (eg. a polysorfoate) in that it has been observed tocin 
that this can reduce aggregaticm of the reconstituted ]m>te in and/or reduce die fcmnatioi of particulates m the 
reccmstituted formulation. The sur&ctant can be ^kied to the |»re-lyo{^ilized formulatimi, the lyof^ilized 

3 5 formulation and/or the reconstituted formulation (but preferably the pre-lyophilized formulation) as cteired. 

The mvration further provides a method for f^tpsring a stable isotcmic reconstituted forroubttkm 
c(mi{msing reconstituting a lyc^ilized mixture f a prcHein and a lyc^^otectant in a diluent such that tlw im^ein 
concentrati n in the reconstituted formulation is at least 50 mg/mL, wherein the ;m)tein concentration in the 
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reconstitmed fonnulsdon is about 2-40 times greater than the protein concaxtrati(»3 in the mixture before 
tyopfailization. 

In yet a further onbodimcm. the invenikm provuies a m^od for inqnring a fomiulation comprising 
the steps of: (a) lyoj^iiizing a mixture of a protein and a lyupiutectant; and (b) reomstituting the ly<^ilized 
5 mixture of step (a) in a dihxent such that the reomstituted formulation is iscKontc and stable and has a protein 
concoitration of at least about 50 mg/mL. For example, the protein concentration in the reconstituted 
' formulation may be from ab<mt SO mg/mL to about 300 mg^oL. Genoally, the protein concentration in the 
reconstituted formulation is about 2-40 times greats than the protein concentration in the mixture befwe 
tyophilization. 

10 An article of manufacture is also provided bmm whkfa comprises: (a) a container which holds a 

lyof^ilized mixture of a protein and a lyoprotectant; and (b) instructions for reccmstituting the lyc^hilized 
mbaure with a dihient to a f^otein concentrati<m in the recmi^ituted fOTmulati<ai of at teast abcnit 50 mg/mL. The 
ankle of manu&cture may further comfsbe a second omtamer which holds a dihient (eg. bacteriostatic water 
for injection (BWFI) comprising an aromatic alo^ol). 

15 The invention further provides a method for treating a mammal comjnising administering a 

therapeutically effective amoum of a reconstitut'd fwrnulation disclosed herein to a mammal, wherein the 
mammal has a disc»der requiring treatment with the protem in the formulation. For example, the fonnulatton 
may be administered subcutaneously. 

One tisefiil anti-H£R2 antibody pre-lyq^lized fonnulation as discovered in the experiments detailed 

20 below was fouiu) to omii^ise anti-H£R2 in amcnmt fctm about 5*40 mg/mL (eg. 20-30 mg/mL) and sucrose <»- 
trehalose in an amount from abcnit 10-100 mM (eg. 40-SO mNf), a buffer (eg. histidine, pH 6 or succinate, pH 
5) ami a sur&rtant (eg. a polysmbate). The lyt^ilized fcmnulation was found to be stable at 40*C for at least 
3 months and stable at 30** C for at least 6 months. This anti-H£R2 fomiulation can be reconstinited with a 
dihmA to generate a formulation suttabk for intravmous administration comprising anti-H£R2 in an amount 

25~fnmiab(Hit 10-30 mg/mL which b stable at-2-8-C form le^^^^ 

ant}-H£R2 antibody are desired (for example where subcutaneous delivery of the antilxxfy is the inteiukd mode 
of administratkm to the patiemX the tyx^lized fcnmulatkm may be reccmstituted to ymkl a ^able reconstituted 
formulaticm having a protein concoitr^on of 50 mg/mL or more. 

Oat des^idbk ^iti-lg£ antibody pre-lyc^^iilized formulaticm discovered herein has anti-IgE in amount 

30 from abcnit 5-40 mg^nL (eg. 20-30 mg^nL) and siKrose trefaatee in an amount frtmi abcHit 6(>-300 mM (eg. 
80-170 mM), a kMfier(i^mbly histidine, pH 6) and a surfiKtaitt (such as a polyso The lyo{^lized anti- 
lgEf(ffmulati<mB5tableat30**Cfc»-atle3st 1 year. This formulation can be reconstituted to yield a fcraulation 
comprising and-IgE in an amount from about 15-45 mg/mL (eg. 15-25 mg/mL) suitable for intravenous 
administraticm whidib stable at 2-8*" CfOT at least 1 year. Alternatively, where higher co M e n tr ati wis of anti-IgE 

35 in the formulation are desired, the lyophilizcd formulation can be reconstituted in order to generate a stable 
fcmnuladtm having an anti*lgE concentration of ^50 mg/mL. 

Brief Description of the Drawings 
Figure 1 shows the effect of reconstitution volume on the stability of lyophilized rhuMAb HER2. The 
lyq)hilized formulation was prepared from a i^lyof^ilization formulation comprising 25 mg/mL protein, 60 
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mM trehalose, 5 mM sodium aicdnate,pH5A and 0.01% Twcai 20™. The lyophilized cake was incubated 
at 40'' C and then reconstituted with 4.0(0) or 20.0 niL( ) fBWFI. The fraction of tnnut protein in the 
reconstituted fcmnulation measured by nsaxve size exchision dtromatograpfay and defii^ as the peak area 
of the native protein relative to the total peak area inchiding aggregates. 
5 Figure 2 ilhmrates the effect of trdialose concentration cm the stability of lyo|^lized rhuMAb HER2. 

The ^ffotjtm was lyophilized at 25 mg/mL m 5 mM sodium s uccin ate, pH 5.0 (circles) or 5 mM histtdine, pH 
6.0 (squares) and trdialose concentratitms rangmg from 60 mM (360 mo^ ratio) to 200 mM (1200 mohr ratk)). 
The lyofMizedfffotein was incubated 3140*" Cfweidier 30 days (dos^ (q)CT symbob). 

The am<Hint of intact (m>tem was measured after reccmstitution of the lyophilized protein with 20 mL B WFI. 

10 Figure 3 demonstrates the effect of trehal<^ concentration on the long tenn stability of lyofhiltzed 

rhuMAb HER2 stored at 40"* C. The fvctein vm lyc^ilized at ehher 25 mg/mL in 5 mM sodium siKxinate, pH 
5.0, 0.01% Twcen 20^**, and 60 mM trchatese (■) w 5 mM hstkiine, pH 6.0, 0.01% Twe«i 20™, and 60 mM 
trehalose (Q) or 2 1 mg^ in 10 mM sodium succinate, pH 5.0. 02% Tween 20™ and 250 mM trdialose (•). 
The lyophilized protein was incubated at 40** C and then reccm^ituted with 20 mL of BWFl. The amount of 

1 5 intact protein was meastued after reconstituti<m. 

Figure 4 shows the stability of rhuMAb HER2 lyofAilized in 38.4 mM mannitol (7 mg/mL). 20.4 mM 
sucrose (7 mg/mL), 5 mM hfetidine, pH 6.0, 0.01% Tween 20™. The lyqihilized prMin was incubated at 40*C 
and then reconstituted with either 4.0 mL (o) or 20 mL (• ) of BWFI. The amount of intact protein was 
measured after reconstitution. 

2 0 Figure 5 ctemonstrates stability of reconstituted rhuMAb HER2 lyc^hilized in 5 mM sodium succinate, 

pH 5.0, 60 mM trdialose, 0.0 1% tween 20™. Samples were reconstituted with either 4.0 mL (squares) or 20.0 
mL (circles) of BWFI (20 mLK).9% benzyl alcohol; 4 mL:l.l% benzyl alcohol) and then stored at 5''C (solid 
symbols) or 25° C (open symbols). The % native protein was defmed as the peak area of the native (not 
degraded) protein relative to the total peak area as measured by cation exchange chromatography. 

2 5 Figure 6 shows stability of reconstituted rhuMAb HER2 lyof^ilized in 5 mM histidine, pH 6.0, 60 mM 

trehalose, 0.0 1 % Tween 20. Samples w^e reomstituted with either 4.0 mL (squares) or 20.0 mL (circles) of 
BWFI (20 mL:0.9% benzyl alcohol; 4 mL: 1 . 1 % benzyl alcohol) and thai stored at 5* C (solid symbols) or 25 
" C (open symbols). The % native protein was defined as the peak area of tite native (nc^ degnuted) inotein 
relative to the total peak area as measured by cation exchange chnmiau^raphy. 

3 0 Figure 7 reveals lability of reconstituted rhuMAb HER2 lyo^^Iized in 5 mM hctidine, pH 6.0, 38.4 

mM mannitol, 20.4 mMsucn^ 0.01% Tween 20. Samples were reconstituted with either 4.0 mL (squares) 
or 20.0 mL (circles) of BWFI (20 mLK).9% benzyl afcohoU 4 mL: 1.1% benzyl alo^l) and then stored at 5**C 
(solid symbols) en* 25 C (open symbob). Iht % native protein was defined as the peak area of the native (not 
degreed) protein relative to the total pe^ area as measured by caticm exchange chromatography. 
3 5 Figure 8 shows stability of reamsdtuted rhuMAb HER2 lyophilized in 1 0 mM sodium succinate. pH 

5.0, 250 mM trehalose, 02% Tween 20. Samples were reconaituted with 20.0 mL of BWFI (0.9% benzyl 
alcohol) and then stored at5''C( )(n'25**C (o). The % native prmein was defined as the peak area of the native 
(n t degraded) protein relative to the total peak area as measured by cation exchange chromatography. 
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Figure 9 ^lows aggregation of rfauMAb £25 fonnulated into buffers ranging from pH 5 to pH 7 at 10 
mM buffer u iU Lc m iai i tm and 5 mgtoL antibody ccHicentratioa. Samples were lyof^iilized and assayed at time 
zen>andafter4weda, 8 wedo^ and 52 weeks of stm^ at 2-8^ C. The buffers woe: potassium phoq^^iate pH 
7.0 (o); sodium ptoqifaatepH 7.0 (CI^histidinepH 7.0 (o);sod^ ); sodium smrdnatepH 

6.0 (■); sodium succinate pH 5 J (♦); and sodium succinate pH 5.0 (a). 

Figure 10 depicts aggregatimi of rfauMAb E25 lyc^Mized in 5 mM histidine buffo- at both pH 6 and 
pH 7 ami assayed following storage as follows* The buffer w^ at: pH 6.0 stored at 2-8'*C(o);pH 6 stored at 
25*C (O); pH 6 «OTd at 40^ C (0); pH 7 sttaed at 2-r C (•); pH 7 sttwed at 25'C (^^ 

(♦). 

Figure 1 1 ilhistrates ^gregation of 5 mgteL rhuMAb £25 formulated into 10 mM sodium succinate 
at pH 5.0 with lyqaotectant «kkd at a c on cc a ir ati on of 275 mM (isotonic). The lyo|m>tectant5 vmt: controL 
no lyoprotectant (o); mannitol (□); lactose (0); maltose (•); trdialose (■); and sucrose (♦). Samples were 
lyophilized and assayed at time zero and after 4 weeks, 8 weeks, and 52 wedcs of storage at 2-8*" C. 

Figure 12 shows aggregaticm of 5 mg/mL rhuMAb £25 formula^ into 10 mM sodium stuxinate at 
pH 5.0 with lyoprotectant added at a concentration of 275 mM (isc»onic). The lyo{m)tec^T5 were: control, no 
lyoprotectant (o); mannitol (□); lactose (0); mahose (•); trehalose («); and sucrose (♦). Samples were 
lyophilized and assayed at time zero and after 4 weeks, 8 weeks, and 52 wedcs of st<mge at 40*'C. 

Figure 13 depicts hydroplu^ic interacticm dm»nat(^ra{^y of 20 mg/mL rhuMAb £25 lyophilized in 
hi^idine buffer at pH 6 with an isotonic concentraticm (Le, 275 mM) of lactose stored for 24 weeks at 2-8, 25 
or 40''C and reomstituted to 20 mg/mL. 

Figure 14 shows hydrophd)ic interaction chromatography of 20 mg/mL rhuMAb £25 lyoj^ilized m 
histidiiw buffer at pH 6 stored for 24 wedcs at 2-8, 25 or 40''C ami reconstituted to 20 mg/mL. 

Figure 15 illustrates hydrophd)k; intnacdon chromatography of 20 mg/mL rfauMAb £25 lyophilized 
in histidine buffer at pH 6 with an isoumic concentration (Le. 275 mM) of sucrose and stored for 24 weeks at 
2^8,25<H-40''Candreccmstitutedto20mg/mL. 

Figure 1 6 ilhmrates the effect of sugar omcentration on rhuMAb £25 formulated at 20 mg/mL in 5 mM 
histidine at pH 6.0. Sucrose (•) and trefaak>se (□) were added to the formulation at moku* ratios ranging ^om 
0 to 2010 (isotonic) (see Table 1 below). Samples were lyof^lized and assayed after 12 weeks of storage at 
50'C. 

TABI^l 
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1 Moles of Susar £25 antibody 
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0 


260 


34.4 


380 


51.6 


510 


68.8 


760 


103.1 


1020 


137.5 


1530 


2063 
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Figure 17 reveals aggregatkmofrhuMAbE25fonnu]ated at 25 mgAnLin^ 
85 mM sucrose (o); 85 mM trehalose (□); 161 mM sucrose (♦) or 161 mM trehalose (a). Samples were 
iyophilizsed and stand at 2-8'' C folkiwed by reomstztution with 0.9% benzyl alcdiol to 100 mg/mL antibody m 
5 20 mM histidine at pH 6 with iscmmtc (340 mM) and hypertcmk: (644 mM) sugar concentratkm. 

F^;ure 18stHywsaggregatkHiofihuMAbE25fonnuiatedat25mgAnLnito5mMhistH^ 
85 mM sucrose (o); 85 mM trdiabse (□); 161 mM suamc (♦) or 161 mM trehalose (a). Samples were 
tyq^ized and stmd at 30^ C followed by reconstitution with 0.9% boizyl alcdiol to 1 00 mg^L antibody in 
20 mM histidine at pH 6 with isotonic (340 mM) and hypeitonic (644 mM) sugar concemraticm. 
10 Figure 19 ilhi^rates aggregatimi of rhuMAb E25 fmmulated at 25 mg^ into 5 mM histidine at pH 

6 with 85 mM aicrose (o); 85 mM trdialosc (□); 161 mM sucrose (♦) or 161 mM trrfialose (*), Samples wwe 
tyqthilized and stored at 50" C folbwed by reconstimtion with 0.9% benzyl alcohol to 100 mg/mL antibody m 
20 mM histidine at pH 6 with isotonic (340 mM) and hypertonic (644 mM) sugar concentration. 

Detaikd Description of the Preferred Embodlmrau 

15 I. Definitions 

By "protein" is meant a sequence of amoK) acids for which the chain length is sufficient to produce the 
higher levels of tertiary and/or quaternary structure. This is to distinguish from "peptides" or other small 
molecular weight drugs that do not have such structure. Typically, the protein herein will have a molecular 
weight of at least about 15-20 kD, preferably at least about 20 kD. 

2 0 Examples of prmeins enomipassed within the definition herein include mammalian proteins, such as, 

eg., growth hcmncme, including humm growth hcmnone and bovme growth hormone; growth h<»mone reieasmg 
factOT; parathyroid h<mnone; thyroid stimulating hormone; lipoproteins; a- 1 -antitrypsin; insulin A-diain; insulin 
B-chain; |m>insulin; follicle stimulating hmmcme: calcitonin; lutcinizmg hormone; glucagon; clottmg fectors such 
as fectcM- Vine, factw IX, tissue factc^, and vcm Willek^ds fac^, anti-clotting factors such as Prmein C; atrial 

2 5 natriuretic factor lung surfactant; a pkmnin<^oi activator, such as urokinase or t^sue*type plasminogen activator 
(t-PA); bombazine; thrombin; tumcn- necrosis faaor-a and - p ; enkqshalinase; RANTES (regulated on activaticm 
rumirally T-ccIl ex{»essed and secreted); human macrq^iage inflammatory protein (MlP-l-a); scrum albumin 
such as human serum albumin; muUerian-inhibiting substance; relaxin A-diain; relaxin B-chain; prorelaxin; 
mcHise gonadotrc^in-associated peptide; DNase; inhibin; activin; vascular enctothelial growth fkrtor (VEGF); 

30 recejm^ for horm<mes <n- growth facm; an int^rin; [jmcin A D; rheumatoid factc^; a neurcmophic f^tor 
such as bone-cterived neurcMrt^k; toor (BDNF), neiff<«rophin-3, -4, -5, or -6 (NT-3, KT^, NT-5, or NT-6X 
or a iwve growdi fktrar such as NGF-P; platelet-iterived growth fietctor (PDGF); fibroblast growth fector such 
as aFGF and bFGF; eptitemal growth 6u:tor (EGF); transforming growth factw (TGF) such as TGF-o and TGF- 
P, UKhtding TGF-p 1, TGF-p2, TGF-p3, TGF-P4, or TGF-p5; msulin-like growth factor-I and -II (IGF-I and 

35 IGF-II); des(l-3)-IGF-I (brain IGF-I); insulin-like growth fector bindmg proteins; CD proteins such as CD3, 
CD4. CDS. GDI 9 and CD20; erythropoietin (EPO); thrombopoietin (TPO); osteoinductive facttws; 
immunotoxms; a bone morphogcnetic protein (BMP); an interferon such as intwferon-a, -p, and -y; colony 
stimulating fectc^s (CSFsX eg., M-CSF, GM-CSF, and C3-CSF; mterleukins (ILs), eg., IL-1 1 IL-10; superoxide 
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dismutase; T-cell recqm^ surfsce membran proteins: decay accelerating fectOT (DAF)^ a viral antigen aich 
as. for example, a portion f the AIDS oivelope; tran^>on proteins; homing receptors; addrcssins: r^olatory 
proteins; inmiunoadhesins; anQl)odifis; and biologicdly active fiagme fth d)ove>l^ted 

polypeptides. 

5 Hie protein which is formulated is preferably essentially pure and desirably essentially homogcnecms 

{Le. free from contaminHting proteins etc>. ''Essexmally pure" pn^in means a composition comfHisiiig at least 
abom 90% by weis^ of die protdn, based on weiglu of the coxnpositicm, 

wd^ "Essentially homogeneous" imnetn means a composition comprising at least akxM 99% by weight of 
protein, based on tc^ weight of the compositiozL 
10 In obtain embodiments, the protein is an antibody. The antibody may bind to any of the above- 

mentioned molecutes, for example. Exemplary molecular targets for antibodies ei^ompassed by the fsesetit 
invention inchide CD pmtws such as CD3, CD4, CDS, CD19, CD20 and CD34; members of the HER rcceptxxr 
family such as the EGF receptw-, HEIO, HER3 or HER4 rccqrton ccU adheskm 

pl50,95, VLA-4, ICAM-1, VCAM aiMi ov/p3 intcgrin inchiding citho- a or p sulMmits diereof {eg. antt-CDl la, 

15 anU'<:D18 or antt-CDl lb antibodies); growth factors such as VEGF; IgE; blood group antigens; flk2/fh3 
receptor, obesity (OB) receptor, protein C etc. 

The term "antibody** is used in the broadest s«ise and specifically covm monoclonal antibodies 
(including full length antibodies which have an immunoglobulin Fc regitm). antibody compositi<ms with 
polyepitopic specificity, bispecific antibodies, diabodies, and single-chain molecules, as well as antibody 

20 fragments (e.g^ Fab, F(ab%, and Fv). 

The term "monoclonal antibody" as used herein refm to an antibody ototned from a population of 
substantially homogeneous antibodies^ Le., the individual antibodies comprising the population are identical 
except for possible naturally occurring mutations that may be f^esent in minm* amounts. Monoclonal antibodies 
are highly ^>eciflc, being directed against a single antigenic site. Furthermore, in contrast to conventional 

25 (polyclonal) antibody preparations which typically include diffoirat^wtibodies dire^ 

determinants (epitopes), each monoclonal antibody a directed against a single determinant on the antigen. In 
addition to their specificity, the monoclonal antibodies are advantageous in that they are synthesized by the 
hybridoma culnire, uncontaminated by other immunoglolnilins. The modifier "monoclonal" indicates the 
character of the antibody as being obtained from a substantially h<»nogerteous population of antibodies, and is 

30 not to be construed as requiring production of the antibody by any particular method. For example, the 
monoclonal antibodies to be used in accordance with the pesent mventiim may be made by the hybridoma 
metluxi nrstctescribedby Kohler e/oil. Nature^ 256: 495 (1975X or may bem^ by reomibinant DNA meduxk 
(see, e.g^ U.S. Patent No. 4.816,567). The "monockmal antfbodks" may also be isolated from phage mitibody 
libraries using tte techniques (tescribed in Clackscmef oil. MzruTE^ 352:624-628 (1991) and Marks efoi. J. Moi. 

35 BioL, 222:581-597 (I991X for example. 

The monoclonal antibodies herein specifically inchide "chimeric" antibodies (immunoglobulins) in 
which a portion of the heavy and/or li^ chain is identical with or homologcnis to corresponding sequences in 
antibodies derived from a particular species or bel nging to a particular antibody class or subclass, while the 
ranainderofthechaiiKs) is identical with rhom logons to ctOTCsponding sequences in antibodies derived from 
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anc^er species or belonging to anmher antibody class or subclass, as well as &^ments of such antibodies, so 
lo^ BS they exhibit the desired btological activity (U.S. Patent N . 4,8 1 6^7; Morrison et at, Proc Natl Acad 
ScL USA, 81:6851-6855 (1984)). 

"Humanized" fonns of non-human (e,g^ murine) antibodies are chimeric immunoglolnilins* 
5 immunoglobulin chains or fragments thmof (such as Fv, F^, Fab\ F(ab72 or other anttgcn-bmding 
subsequences of amflxxiies) which ccmtain minima! sequoice derived torn mm-human immunogl<^iin. For 
the most pan, humanized antibodies are human immunogk^Iins (recipient antibody) in which residues frcmi 
a complemoitarity determining regkm (CDR) of the recipient are replaced by residues from a CDR of a mm- 
huinan species (domn- antibody) si^ miHise. rat (H- rabbit having the (tesircd sped&^ 

10 In some instances, Fv framework regicm (FR) r^idues of the human inmumogl<^Iin are replaced by 
corre^xmding non-human residues. Furthenn<NX, humanized antibodks may ccmi|n^ resuh^ wh^ are fmmd 
neither in the recipient antibody nor in the imported CDR or framework sequences. These modificaticms are 
made to further refme and optimize antibody performance. In general, the humanized antibody will comfmse 
substantially all of at hast one, and typically two, variable ckmiains, in whidi all or aibstantially all of the CDR 

1 5 regions coirespond to those of a non-human immunoglobulin and all or substantially all of the FR regions are 
those of a human tnununoglobulm sequence. The humanized antibody optimally also will comprise at least a 
portion of an immunoglobulin constant region (Fc), typically th^ of a human immunoglobulin. For further 
details, sec Jones es al,. Nature^ 321:522-525 (1986); Reichmann et al., feature. 332:323-329 (1988); and 
Presta, Curr, Op. Stn^L BioL, 2:593-596 (1992). The humanized antibody incluctes a Primaizwl™ antibody 

20 wherein the antigen-binding region of the antibody is derived from ah antibody produced by immunizing 
macaque monkeys with the antigen of mterest 

A "st^le** formulaticm is one in which the (^tein therein essentially retains its physical and chemical 
stability and integrity upon storage. Various analytical techniques for measuring protein stability are available 
in the art and are reviewed in Peptide and Protein £>ug Delivery, 247-30 1 , Vincent Lee Ed., Marcel Dekker, 

25 Inc.^ New York, New York, Pubs. (1991) and Jones, A. Drug /Vn«7^ 10:29-90(1993). Stabilitycan 
be measured at a selected tempenmire for a selected time period. For rapid screoiing, the formulation may be 
kept at 40'C fcH- 2 wedcs to 1 month, at which time stability b measiued. Wl^re the formulation is to be stored 
at 2-8*C, generally the formulation shtmld be stable at 30'C or 40*C for at least 1 m<mth and/or stable at 2-8'C 
foratkast2years. Where the fcmnulaticm is to be sicnvd at 30*C, geimlly the fc^tnulatt^ 

30 at least 2 years at 30'C and/or stable at 40*C for at least 6 mcmths. Fc»- exampte, the extent of aggregation 
foUowing lyc^ilization and storage can be used as m imikatcn- of fmitein ^ility (see Examples herein). F r 
example, a "stz^le" fmmulati<m may be <me wherein tess tiian about 1 0% and fmferabty less than about 5% of 
the protein is present as an aggregate m the fcmnulaticm. In c^her mbodnnents, any increase in aggregate 
form^i<m foUowing iyophilizaticm and stcnage of the lyophilized fcmnulaticm can be determined. For example, 

35 a "stable" lyophilized formulaticm may be (me wherein the increase in aggregate in the lyof^ilized formulati<m 
is tess than about 5% and {n«ferably less than about 3%, when die tyq^hiiized fcmnulation is ^oied at 2-8* C for 
at least one year. In c^er embodnnents, stability of the |Hotein formulation niay be measured using a bi k^kal 
activity assay (see, eg.. Example 2 below). 
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A "recon^tuted" fonnulation is one which has been pi q >ar ed by dissolving a tyophilized protein 
fonnulaxion in a dihient »icfa timt the protein is di^>ersed in the reconstituted fonnulaxion. The reconstituted 
formulation in suitable for administration (eg. parenieral administration) to a f^tknt to be trea^ with the 
{m>tein f interest and, in certain embodimems of the invention, may be se whidi b suitable fm- subcutaneous 
5 administration. 

By "isotonic" is meant tlm the forrouktion of interest has essentially the same c^notic pressure as 
human blood. Isotcmic formulaticms will generally have an ranodc f^essure from about 250 to 350mOsm. 
Isotonictty can be measured t^ing a vapor pressure or ice-freezing type osm<mieter, for example. 

A *1y<^)rmectanf is a molecule whtdi, when combined with a fnotein of interest, stgnifkantly pnevents 

10 or reduces dmikal and/or physical insability of the protem upon lyophilizatimi and subseqimnt storage. 
Exemplary lycy r ot e ct an ts inchide sugars such as sucrose or trehalose; an anum> acid such as monosodium 
ghitamate or htstidme; a mcthykmine such as betaine; a lyotropic salt sik± as magnesium sul&xe; a polyol sudi 
as trifaydric or hi^cr sugar alcdu>ls, eg. glycerin, erythritol, glycerol, arabttoL xylitoU sorbitol, and marmitoU 
propylene glycol; polyethylene glycol; Pluronics; and combinations thereof. The |»eferred lyoprotectant is a 

1 5 non-reducing sugar, such as trdialose or sucrose. 

Tlx lyi^irotectant is adcted to the pre-iyophiiized fonnulation in a "ly<^m>tecting amount" which means 
that, following lyophilizatton of the inrotein in the j^escnce of the lyopn^ecdng amount of the lyoprotectant, the 
protein essentially retains its physical and chemical stability and integrity upon lyophilizadon and storage. 

The "diluent" of interest herein is one which is pharm^eutically acceptable (safe and non-toxic for 

2 0 administraticm to a hinnan) and is useful for the {^^laratkm of a reccmstrtuted fcmnuiaticm. Exemplary diluents 
include sterile wsoer, b^rteriostatic water for injection (BWFI), a pH buffered solution (eg. pho^hate-buffered 
saline), sterile saline solution. Ringer's solution or dextrose solutitm. 

A "preservative" is a compound whidi can be ackted to the diluent to essentially reduce bacterial mk>n 
in the reconstituted formulation, thus facilitatmg the production of a multi-use reconstituted formulation, for 

25 example. Examp les of p otential preservatives include octattecyldi methylb enzy l ammonium diloride, 
hexamethonium chloride, benzalkonium chloride (a mixture of alkylbenzyldimethylammonium chlorides in 
which the alkyl groups are long-chain compounds^ and benzethonium chkmde. Other types of preservatives 
include aromatic alcohols such as phenoL butyl and benzyl alcohol, alkyl parabois such as methyl or prc^l 
paraben, catechol, resorcinol, cycldiexaiu)!, 3-pentanoL and m-cresoL The most preferred preservative herein 

30 is benzyl alcohol. 

A "bulking agent" is a compound which adds mass to the ly(^>failized mixture and contributes to the 
physical structure of the lyq^iilized cake (eg. f^ilitates the production of an essoitially unifcmn lyophilized 
cake which maintains an open pore stnicmre). Exsnplary tniQcing agrats inchnte ni3nniU}l, glycine, polyethyleite 
glycol and xorbitol. 

35 "Treatment" refers to both therapeutic treatment and prc^hylactic or preventative mea»ires. Those in 

need of treatmem inclutfe those already whh the disorder as wdl as those in whkh the discffder i^ 

"Mammal" for purposes of treatment refers to any animal classified as a mammal, inchiding humans, 
domestic and £mn animals, and zoo, spcmStOT pet animals, such as dc^ horses, cats, c^ Preferably, the 
mammal is human. 
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A**dborckr"banycoiiditkmtbatwcmIdbei^fhfrimitre^ This inchictes chnmic 

and acute disonkrs or diseases incltuling those p^hologkal cmuiitkms wfaicfa [roiispose tht mammal to the 
dis(mkr in questkm. Noa-limiting examples of dhcmkn to be treated herein OKliute car^^ 
IL Modes for Carrying oot the lovaitioa 
5 A. Protein Preparatton 

Tl» i»mm tt> be fbrmulaied b prepafed imi^ tedmicpm 
syntfaetk tecfaniqiKS (^idi as lecOTibiiua^ tecfan^ues p^^ 

or may be boSated from m oKk^enous source of the protein. In certain embodin^ts of die mventimi, the 
pn^ein of dioice b an antibody. Techniques for the (mxh^ticm of antibodies foitow. 

10 (i) Pi^ycIcruzJ mttibodies, 

Polyckmal antibodres arc goieraliy labed in animab by multiple subcutanecHis (sc) or mtr^)^cmcal 
(ip) m>cti<ms of tiie relevant antigen and an ^juvant It may be useful to ccmjugate the relevant mitigai to a 
protein that b immim<^enk m the species u> be immunized, e.g^ keyhote limpet tonocy^in, serum albumin, 
bovine thyrogl<^lin, or soybean trypsin mhibtt(»' using a bifunoional or cMvatizing agent, for example, 

15 maleiroidobenzoyl sulfosuccinimide ester (conjugation thrcHigh cysteme residue), N*hydroxysuccinimide 
(through lysine residues), glutaral<tehy<te, succinic anhydride, SOCIj, or R*N«C«NR, where R and are 
different alkyi grtnips. 

Animals are immunized agamst the antig^ immunogenic conjugates, or doivi^ves by combming 1 
mg or 1 ^g of d^ pc^dc or ccmjugate (fen- r^its <»* mice^ rej^>ectively) with 3 volumes of Freund*s complete 
20 ^juvant C)nenumth latertheanimabareboostedwith l/5u> l/lOthetnigmalamountof pepti 

in Freimd's compbte ^juvam by subcutaneous injection at multiple sites. Seven to 14 days later the animab 
are bled and the serum b assayed for antibody titer. Animab are boosted imdl the tito* plateaus. PTefa^ty,the 
animal b boosted with the conjugate of the same antigen, but conjugated to a different prmein and/or through 
a different cross-linking reagent. Conjugates also can be mad^ in rec(Hnbinant cell culture as prt^in fusions. 

2 5 Abo. aggreg^mg agents such as alum are suitably used to enhance the immune re^xmse. 

fii) Monochnal aruibodies. 
Mcmockmal aiUil)odks we coined from a po{Hilatt(m of substantially homogeneous antibodies, 
the indivklual antibodies comprbing the pqmlmion are ktentica] exce;^ for possible naturally ocoirring 
mutattcms th^ may be presemm minor ammmts. Hius, die modifkr '*m<mockmal" mdk^ die char^rter of tl^ 

3 0 antibody as not bemg a mixture of discrete antibodms. 

exffinple, the m<HU>ckmal ant^xxiies may be m^ imng die hyimdmia m^hod fir^ (kscribed by 
Kohler et al,. feature, 256:495 (1975X or may be made by reomibinant DNA metinxb (U.S. P^ent No. 
4,816467), 

In the hybridoma method, a mouse or other ai^m^niate host animal such as a hamster, b iimnunized 
35 as hereinabove described to elicit lymphocytes that produce or are capable of imxhicing antibodies that will 
specifkally biiKi to the i»pc^etn used fOT immunizs^km. Ahem^vely, lymphocyte may be tnuntmized in vitro. 
Lymphocytes dien m fused with myeloma ceUs using a suitable fusing agent, such as polyethylene glycol, to 
fom a hyteicknna cell (Coding, Monocloml Antibodies: Frinciples ami Pn^tice^ pp J9- 1 03 (Academic Press, 
1986)). 
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The bybridomacelb thus pe|;»itd are seated aiuigro^ culture medhnn that preferably 

contains one or mm substances that inhibit the gnn^ For 
example, if the parental myeloma cells lack the oizyme hypoxantfaine guanine phosphonbosyl transferase 
(HGPRT or HPRT), the culture medhim for the hybridomas typically will tnchtde hypoxanthine. aminopterin, 
5 and thymidine (HAT medhnnX which substances prevent the growth of HGPRT-<tefkiem cells. 

Preferred myekana cells are those that fuse efficiently, support stable higb-leve] producticm of antibody 
by the setectedantSxKiyiiroducingcelKaztd are sensitive to a medii^ Amongtfaese« 
preferred myeloma cell lines are murine myeloma lines, such as those derived frtmi MOPC-2 1 and MPC-1 1 
moise tumOTS availabte fnnn the Saik Iistitute Cell Distribution Cotter, San Diego, Califcmiia USA, and SP-2 
10 celb available from the American Type Culture Collection, Rockville, Maryland USA. Human myeloma and 
m<rase-fauman hetenmiyetoma cell lines also have been described Uxr the production of human monoclonal 
antibodies (Kozbor,y. Immunol^ 133:3(K)1 (1984); Bn>deurera£, Mortocionai Antibody Froduaion Techniques 
and Applications^ pp. 51-63 (Marcel Dekker, Inc^ New York, 1987)). 

Culture medium in which hybridoma cells are growing is assayed for frnxtuaion of monoclonal 
15 amibodies directed against the antigoi. Preferably, the binding specificity of monoclonal antibodies produced 
by hybridoma cells is determined by immunoprecipitation or by an m vitro binding assay, such as 
radioimmunoassay (RIA) or enzyme-linked immunoabsorbent assay (ELISA). 

The binding affinity of the monoclonal antibody can, for example, be determined by the Scatchard 
analysb of Muuson et al.. Anal. Biockem.^ 107:220 (1980). 
2 0 After hybrickmia cells are idostifted that produce antibodKS of the cksired specificity, affmity, and/or 

activity, the clones may be subckmed by limiting dilution procedures and grown by standard methods (Coding, 
MonocJonai Antibod^: Principles and PrcKtice^ f^.59*I03 (Academk Press, 1986)). Suitable culture media 
fot this purpose incluck, for example, D-MEM or RPMI-1640 medium. In addition, the hybridoma ceils may 
be grown in vivo as ascites tumors in an animal. 

2 5 The m<mocl<ml antibodies secreted by the subckMies are suitably separate 

ascites fluid, en* serum by conventional immunoglobulin purification procedures such as, for example, protein 
A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

DNA encoding the monoclonal antibodies is readily isolated and sequenced using conventional 
procedures (e^., by using oligonuclec^ide pn^)es that are capable of binding specifically to genes encoding the 

3 0 heavy and light chains of murine antibodies). The hybridoma cells serve as a preferred source of such DNA. 

Once isolated, the DNA may be pl^ed into expression vectors, which are then transfected into host cells ^ch 
as L coli cells, simian COS cells. Chinese hamsto- ovary (CHO) cells, or myeloma cells that do not otherwise 
produce inmitmogldwlin ^axstm, to dnain the synthesis of mom>clonal antibodies in tl^ recombinam host cells. 
Review articles an recombinant expresskm in bacteria of DNA encoding ti^ antibody inchide Skerra era/., Curr, 
35 OpOTion/w/mmuTO^, 5:256-262 (1993) and PlQckthun,ymmum^ Revs., 130:151-188(1992). 

In a further embodiment antibodies can be isolated from antibody ;^iage liin^es generated using the 
techniques described in McCafferty et oL, Nature, 348:552-554 (1990). Clackson et aL, Nature, 352:624-628 
(1991) and Maries et al„ J, Mol Biol, 222:581-597 (1991) describe the isolation f murine and human 
antibodies, respectively, using phage libraries. Subsequent publications (tescribe the fmxliKtion f high affmity 
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(nM range) human ant9xxlies by chain sbufiOing (Marks et aL. Bio/Techndogy, 10:779-783 (1992)), as well ^ 
c mbinatorial mfection and m vivo recombination as a saategy for constructing very large f^mge litorks 
(WateihfHtse et al, Nuc. Acids, Res., 21:2265-2266 (1993)). Thus, these techniqitts are viable ahonatives to 
traditional monoclonal antibody hytnidozna techniques for isolation of monoclonal antibodies. 
5 The DNA also may be modified, for example, by su b & iimti ng the coding sequence far human heavy- 

and light-chain constant dcnnains in pkce of the hcmiologous murine sequences (U.S. Patent No. 4,816^7; 
Morriscm, er aL, Proc. Nati Acad ScL USA^ 8 1 :685 1 ( 1 984)X or by covalently joining to the immimogl<^mlm 
coding sequence all or pan of the coding sequence for a nm-inununoglofaulin polypeptide. 

Typically sudi non-immunogl<^lin polypeji^des are substituted fc^ iht constant (kmmms of an 

10 antibody, or they are substituted for the variabte dmnains of oat antigen-COTibrnii^ site of an antibody to create 
a chimeric bivatot antibocfy co mpris ing erne antigen-combinmg site Imving specificity fm* an antigen and anodm 
antigen-combining site having specificity for a different antigen. 

Chimeric or hybrid anubodKS also may be prepared in vitro ising kiKywn nrathods in synthetk protein 
chemisoy. inchidtng those involving crosslinking agents. For example, immuiunoxins may be omsaructed using 

15 a disul fide-exchange reaaion or by forming a thioether bond. Examples of suitable reagents for this purpose 
include iminothiolate and methyl-4-mfrcaptobutyrimidate. fm) 
Humanized and human antibodies. 

Methods for humanizing non-human antibodies are well known in the art Genmlly, a humanized 
antibody has one or more amino acid residues introduced into it from a source which is non-human. These mm- 

2 0 human amino acid residues are often referred to as **import" residues, which are typically taken from an "impcm" 
variable dcmiatn. Humanizaticm can be essentially performed following the method of Winter and co-workers 
(Jones et al.. Nature. 321:522-525 (1986); Ricchmann et al.. Nature, 332:323-327 (1988); Verhoeyen et ai.. 
Science. 239:1534-1536 (1988)), by substituting rodent CDRs or CDR scquraces for the corresponding 
sequences of a human antibody. Accordmgly, si^ "humanized" antibodies are chimmc antibodks (U.S. Patent 

25 No. 4,816,567), wherein substantially less than an intact human variable domain has been substituted by the 
corresponding sequence from a non-human species. In practice, humanized antibodies are typ^ly human 
antibodies in which some CDR residues and possibly some FR residues are substituted by residues fnmi 
analogcms sites in rodent ann'bodies. 

The choice of htnnan var^le dcmiains, both light and heavy, to be used in making the humanized 

30 antibod^is very impmtanttorethiceantigenkfty. Acomling to the so-called "bed-fit" m^hod, the sequeim 
of the variable domain of a nxtot antibody is screened against the entire library of known human variable- 
domain sequences. The hmnan sequence whid] is closest to that ofthe rodent is then accepted as the human 
framework (FR) for the humanized antibody (Suns et aL, J. Immund., 1 5 1 :2296 (1 993); Chothta et al., J. MoL 
BioL. 196:901 (1987)). Another m^od uses a particular framework derived from the consensus sequence of 

35 all human antibodies of a particular subgroup of light or heavy chains. The same framework may be used few- 
several different humanized antibodks (Carter et aL, Proc. Natl. Acad ScL USA, 89:4285 ( 1 992); Presta et al., 
J. Immnol., 151:2623 (1993)), 

It is fiffther important that antibodies be humanized with retenti n of high afElnity for the antigoi and 
other favorable bi I gical properties. T achieve this goal, according to a preferred method, humanized 
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antibodies are prq>ared by a process fanalysis f the parental sequences and various conceptual human ized 
products using three-<limensionaJ models of the parental and hunumized sequences. Three^ihnaisional 
innnunoglobulin models are commooiy available and axe familiar to those skilled in the art Compno- programs 
are available ythrxAi ilhistrate and dispby pn^xable three-dimensional conformational structures of selected 
5 candidate hnmunoglobulxn sequeims. [nspecti<m of these displays pomits analysh of the likely role of the 
residues in die fui^tioning of the r» n*^w^?^ immunoglobulin sequence, Le^ the analysts of residues that tnfhience 
the ability of the candidate immunoglobulin to bind its antigen. In diis way, FR residues can be selected and 
combiiiedfitmi the rccipiem and import seqiKmxs so that the desired aiml^^ such as increased 

affinity fat the target antigen(sX is achieved In gcn»aL the CDR residues are directly and most sutetantally 

1 0 involved in influencing antigen binding. 

Ahematively, it is now possible to produce transgenic animals (eg^ mice) that are capable, upon 
tmmunizati<m, of producing a full repenoire of humffli antibodks in the absence of oulogenous immunf^k^lin 
production. For exanipic, it has been described that die hcmJOzygcnK<teletkm of tlw antibody heavy<h 
region (Jh) gene in chimeric az^ gam-line mutant mice resuhs in complete inhibition of endogenous antibody 

15 production. Transfer of the human germ-line immunoglobulin gate array in such germ-line mutant mice will 
result m the production of human antibodies upcm intigen challenge. See, eg., Jakobovits et ai., Froc. NatL 
AcadScL 0X^,90:2551 (1993); Jak<^vits era/.. yVomre, 362:255-258 (1993); Bruggcrmann e/ ail. Yearin 
Immtmo., 733 (1993). Human antibodies can also be daived from phage-display librarws (Hoogenboom er oil, 
/ Mol Biol., 227:381 (1991); Marks etal., J. Moi BioL 222:581-597 (1991)), 

20 (iv) Bisp^ific araihodies 

Bispeciftc antibodies (BsAbs) are antibodies that have binding specificities for at least two different 
epitqjcs. Sudi antibodies can be ckrived from fiill lengdi antibodies or antibody fragments (eg. F(ab')ibi^)ccific 
antibodies). 

Methods for making bispecific antibodies are known in the art Traditional production of fiill length 
2 5 bispecific antibodks is based on the cocxpressicm of tvro immi^^ dmin-light ^in pairs, where 

die two chains have different specificities (MillstemeroA. Atoure, 305:537-539 (1983)). Because of the ramknn 
asscHtment of immunoglobulin heavy and light chains, these hybrkkmuis (quadnmias) produce a potoitial mixture 
of 10 diffCTent antibody molecules, of which only one has the cwrect bispecific strxtcture. Purification of the 
cmea molecule, whkh b usually (kme by affinity chnmiatogra;^y steps, b rather ctmibeis(»^ 
30 yielibare low. Simi^ (m>cedures are disckised in WO 93Ar8829 and in Tiaunecker ef a/.. £^ 10:3655- 
3659(1991). 

According to a different apimach, antibody variable domains with the (testred binding q>ecificities 
(antibody-antigen combining sites) are fused to immunogli^Hilin ccmstant domain sequences. The fusion 
preferably b with an inununogk^lin heavy chain am^ant domain, comprbuig at teast part of the binge, CH2, 
35 and CH3 regions. It bpref^cd to have the first heavy-chain c«mstantr^ion(CHl)c(mtainm^ 

for light chain binding, present in at least erne of the fusions. DMAs emxxling the immunoglobulin heavy chain 
fusi<ms and. if desired, the immunoglobulin li^t chain, are inserted mto separate expression vectors, and are co- 
transfected into a suitable host organisn. Thb provides for great flcxibUity m adjusting the mutual proportions 
fthe three polypeptide fragments m embodiments when unequal ratios f the three polypeptide chains used in 
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thcccmslhKakmiOTvidcthcofrtimiimytekb^ It is» however, possflslc to insCTt the coding scq^i€nc«s or 
airthrecpofypqrtickchaim in OTcexjHesswm vector when the ex^ polypeptide chains in 

equal ratios results in high yiekb when the ratios axe of no particular signi&ance. 

In a prefcned onbodimem of this appro^iu the bi^)ecinc antibodies are composed of a hybrid 
5 immunogh^lin heavy dmin with a first binding specificity in one arm, and a hybrid imrounoglobulm heavy 
chain4ightdiainpair(provtdsigaseanulbindmg^)edficity)i^ It w^fcnmd that this asymmetric 

fracture feciiitates the sq^aration of the (ksired bi^)ecific compound from unwanted immunoglobulin chain 
combinations, as tfic presence of an immunoglobulin light chain in only <me half of the bispeciftc molecule 
provides for a fecile way of scparati<m. This api»o^ is disclosed m WO 94/046W published March 3. 1^. 
10 Fw fimher details of generating bispeciftc antibodies see, for example, Sure^ et aL. Methods in Emymoiogy, 
121:210(1986). 

Bispecific antibodies inclu<te crc^linkcd or "hetcroconjugate" antibodies. For example, oiw of tfic 
antibodies in the hetcroccmjugate can be coupled to avidin, tfw other to biotin. Such antibodi^ have, for 
example, been proposed to target immune syston cells to unwanted cells (US Patent No. 4,676,980), and for 

15 treatment of HIV infection (WO 91/IK)360. WO 92/2(K)373). Hcteroconjugate antibodies may be mwdc using 
any convenient cross-linking mettuxts. Suitable cross-linking agents are well known in the an. and are disclosed 
in US Patent No. 4,676.980, along with a number of cross-linking techniques. 

Techniques for generating bi^>eciftc antibodies from antibody fragments have also been described m 
the literature. The foltewing techniques can also be used for the fmxfatction of bivalent antibody fragments whkh 

20 are ncM necesssoily bispeciftc. For example. Fab' fragments recovered from E, coli can be chemically coupled 
in vitro to form bivalent antibodies. Sec. Shalaby ef a/.. J. Exp. Med, 175:217-225 (1992). 

Various techniqiKS for making and iso Wng bivalent antibody fragments directly from recombinant cell 
culture have also been described. For example, bivalent hcterodimcrs have been r»oduced using leucine zippers. 
Kostebiy et ai, J. ImmunoL. 148(5):1547-1553 (1992). The leucine ripper peptides from the Fos and Jun 

2 5 prc^ins were linked to the Fab* porti<ms of two different antibodies by gene fusion. The antibody homodimers 
were redirced at the hinge regicm to form monomers and then re-oxidized to form the antibody heterodimers. 
The "di^xxly" tedmology ctescribed by Hollingcr et al,, Proc. Nat!, Acad ScL USA. 90:6444-6448 ( 1 993) has 
f^ovkkd an ahemative mechanism for making bispecific/bivalent antibody fragments. The fragnrmts comprise 
a heavy-chain variabte don^ (Vh) ccmnected to a liglu-chain variable doniain (V J by a iiito 

30 to allow pairing between the two (kmiains on the same chain. Acccmiingly, the Vh and V^ domains of one 
fragment are fenced to pair with the OHnplementary V,, and V„ ck>mains of another fragment, thereby forming 
two antigert-binding sites. Anther strategy for making bispecific/bivalent antil>ody fragments by the use of 
single-chain Fv (sFv) doners has also been reported. See Gruber et cd„ J, Immunol., 152:5368 (1994). 
B. Preparatk»n of the Lyophilized FonnalatioQ 

35 After preparation of the prc^in of interest as described above, a "pre- lyophilized formulation" is 

produced The amtmnt of protein present in the [^lyophilized formukticm is det^mined taking into account 
the desired dose vohmies, mode(s) f administration etc. Where the i^t^in fch ice is an intact antibody (si^ 
as an anti-IgE anti-HER2 antilxxly), from about 2 mg/mL to abcnit 50 mg/mL, preferably frcmi about 5 mg/mL 
to ab(Hit 40 mg/mL and most preferably frcHn abcnit 20-30 mg/mL is an exemplary starting [m>tein concentration. 



-14- 



wo 97/04801 



PCT/US96a2251 



The protein b geiKxaUy pitseza in solution. For example, the prc^em may be present in a pH-buffered solution 
at a pH from about 4-8. and preferably firaiabmit 5*7. Exemplary buffm include histidine, phosphate, Tris. 
citrate, succinate and other organic acids. The buffer concentration can be from about 1 mM to about 20 mM, 
orfromabomBmMtoabcmt 15 mH depending, &»- example, on the buffo fthe 
5 formulation (eg. of the reconstituted fbrmuiattffli). The pi e fe ired buff^ b histidine in that as demonstrated 
below, this can have lyoprocective p rop er ti es. Succinate was shown to be another useful traCfer. 

The lyo{ffoteciant b added to the pre*ly(^>hilized formulation. In inrefexred embodiments, the 
lyoprotectant b a non-reducing ^gar such as sucrose or trehalose. The amount of lyopiotectant in the pre- 
lyophilized formulation b generally such that, upcm reccmstitution, the resulting f(nmulati<m will be botonic. 

10 However, hypcftcmic reconstituted fmmulaticRis ixiay also be suitab^ In additirai, the amount of lyoprotectant 
must not be too low such that an unaccqiiable ammmt of degr^lation/aggr^ation of the |mnein occurs upon 
tyof^ilization. Where the fyo{m)tectarn b a sugar (such as si^nise or trehalose) and the i^mein b an aiml^^ 
exemplary ly<^^otectant conccntraticms in the pre^lyq^ilized fcmnulation are horn about 10 mM to about 400 
mNi and inferably frcmi about 30 mM to about 3(M) mM, and most inferably from abcnit 50 mM to about \0Q 

15 mM. 

The ratio of protein to lyoprotectant b selected fen* each protein and lyo}m^ectant combination. In the 
case of an antibody as the protein of choice and a sugar (e.g., sucrose or trehalose) as the lyoprotectant for 
generatmg an isotonic reconstituted formulation with a high protein concentration, the molar ratio of 
lyoprotectant to antibody may be from about 100 to about 1 500 moles lyoprotectam to 1 mole antibody, and 

20 preferably frcnnabcHit 200 to about lOOOmotesof lyt^srotectantto 1 mote antibody, fOT exampte from about 200 
to about 600 moles of lyoprotectant to 1 mole antibody. 

In i^erred embodiments of the invention, it has been found to be desirable to add a surfactant to the 
pre-lyophilized formulation. Ahematively, or in addition, the surfactant may be added to the lyophilized 
formulati<m and/cn- the reconstituted formulation. Exemplary surfactants include ncmionic surf^tants such as 

25 polysorbates (€.g. polyso rbates 20 or 80); poloxamers (eg. poloxamer 188); Triton; sodium do<kcyl sulfate 
(SDS): sodium Imirel sulfate; sodium octyl glycosi<k; lainyl-« myristyk linoleyK or stearyl-ailfdxtaine: lauryK 
myristyl-, linoleyl- or deary l-sarcosine; linoleyl-, myri^K or cetyl-betaine; lauroamido{»opyl-, 
cocamido{»t^iyl-, linoleamidqiropyl-, myristamkioprqjy K pahnidof^^K or isodearamick^Ht^l-bctaine (eg. 
lauroamick^oT^l); myristamidoprc^K pahntdc^ni^K ch* tsostearamidc^mipy 1-dimethylamine; sodium methyl 

3 0 cocoyi-, or dbodmm methyl oleyl-iaurate: smd the MON AQUAT™ serks (Mcma Inchistries, Inc., Paterscm, New 
JerseyX polyethyl glycol, polypropyl glycol and copolymm of ethy toe and propylme glycol (eg. Pluronics, 
PF68 etc). The amount of surfactant ^kted is such that it reduces aggregaticm of the reccmstituted |»T>tetn and 
minimizes the fc^mation of particulates a&ia reconstitudon. For example, the surfactant may be {n^esoit in the 
pre-tyof^lized formulation in an amount fix)m about 0.001-0.5%, and preferably from about 0.005-0.05%. 

35 In certain embodiments of the invention, a mbcture of the lyqmtectant (such as sucrose or trdialose) 

and a bulking agoit (eg. mannitol or glycine) b used in the preparation of the pre-lyophilization formulation. 
The bulking s^ent may allow for the production of a uniform lyo{^ilized cake without excessive pockets therein 
etc. 
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Other phannaccutically acceptable earners, exciptents or stabilizers such as those described in 
Remmgton's Pharmaceutical Sciences 16th editifm. OsoL A. Ed (19S0) may be inchided in the pre-tyopfailized 
fc^ulatksn (and/or the lyof^iiiized fcmnuladc»i dnd/o^ the reconstituted fcmnulation) provided that they do not 
adversely affea the ctesired characteristics of die f(»inulati<m. Accefnable carrim, exciptents or stabilizers are 
5 nontoxic to recipioits at the ctosages and concentrations employed and ii^lude: additicmal buffering agoits; 
pre se rvat i ves; co-solvents; axukncicknts inchiding aso^ic acid and m^tcmiim; dielating agents such as EDTA: 
mm] complexes {eg. Zxhfoxxm complexes); biockgradable polymers suds as polyesters; and/or sah-fonming 
cotmterions such as sodhmi. 

The formulation herein may also omtain mar than one ]HOtem as necessary for tl» particular indicatitm 

10 bdng treated, prcfbably those widicomptememary activities that do nmadvOTelyaffM For 
example, it may be desirable to fmivide two or mor^ antibodies which bind to the HER2 receptor or IgE in a 
single fcrnnuiadon. FurthomOTe, anti-H£R2 and anti-VEGF antibodies may be combined in the one fcmnulation. 
Such imsteins are suitably preset in combination in amounts that are effective for the purpose intended* 

The formulations to be used for in vivo administration must be soile. This is readily ^xomplished by 

15 filtration through sterile filtration membranes, prior to. or following, lyophilization and reconstitution. 
Alternatively, sterility of the entire mbcture may be accomplished by autoclaving the ingredients, except for 
protein, at about 120° C for about 30 minutes, for example. 

After the protein, ly o pr ote c ta nt and c^er opticmal components are mixed together, the formulation is 
lyophilized. Many diffomit freeze-dryers are avaikble for this purpose such as HullSO^ (Hull, USA) or GT20^ 

20 (Leybold'Heraeus. Germany) freeze-dryers. Freeze-drying is accomplished by freezing the formulation and 
subsequently subliming ice from the frozen content at a temperature suitable for primary drying. Under this 
condition, the product temperature is below the eutectic point or the collapse temperature of the formulation. 
Typically, the shelf temperature for the primary drying will range from about -30 to 25** C (provided the produa 
remains frozen during primary drying) at a suitable i^essure, ranging typically from about 50 to 250mTorT. The 

2 5 fOTmulation, size and type of the container holding the sample (e.g., glass vial) and the volume of liquid will 
mainly dictate the time required for drying, which can range from a few hours to several days (eg. 40-60hrs). 
A secondary drying stage may be carried out at about 0-40* C, depending primarily on the type and size of 
ccmtaino- and the type of protein employed Howevo-, it was found herein that a secondary drying step may not 
be necessary. For exampk, the shelf t em per a t u re throughout the entire water removal phase of lyophilization 

30 may be from about I5-30*C (eg., about 20" C). The time and pressure required for seccmdary drying will be 
that which imxiuces a suitable lyophilized cake, ctependent, eg., on the tempoature and other parameters. The 
sec<nuiary drying time is dictated by die desired residual moisture level in the {^oduct and typically takes at least 
about5ho^(eg. 10-15h(Hirs). The fnessure may be the same as that empk^^ during ti» primary drying step. 
Freeze-drymg conditions can be varied depending on the formulatton and vial size. 

35 In some instances, it may be desirable to lyc^hilize the protein formulation in the container in which 

reconstitution of the protein b to be carried out in onter to avoid a transfo* step. The container in this instance 
may. f r example, be a 3, 5, 10, 20, 50 or \00cc vial. 

As a general pn^x>siti(m, lyophilization will result in a lyophilized formulati n in which the moisture 
content thereof is less than about 5%, and preferably less than about 3%. 
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C RecoiistitiitM>Q f theLyophilizcd Formolati n 

At the desired stage, typically when it is time to administer the protein to the f^tttent the lyophilized 
fbnnulation may be reconstituted with a diluent such that the proteus concentration in th reconstituted 
fcHmuktum is at least 50 mg^mL, for example from ^)out 50 mg/mL to about 400 mg^nL. mote preferably frras 
5 abomSOmg^toabomBOOmg/mUandmostprefoably fromab(mt90mg/mLtoabom l50mgA^ Such 
high protein concentrations in the reconstituted fonnuiation are considered to be particularly useful where 
subcutaneous delivery of the reconstitnted fonnulaticm is intOMied. However* fen- other routes of administtation, 
such as mtravenoiB administration, bwer amccntiaticRtt of the protein in the reconstituted fonnuiation may be 
desired (for example from about 5*50 mg/mL, or from about 10-40 rog/mL protein in the reconstituted 

10 fonnulaticm). In certain onbodiments^ the imein concemration in the reconstituted formutati^ 

higher than that in die pre-lyof^ized formulattcm. For example, the protein concentration in the reconstituted 
forroulatimi may be about 2-40 times, preferably 3-10 times and most f^ferably 3-6 times (eg. at tea^ three fold 
or at least four fold) that of the pre-lyophilized formulation. 

Reconstitution generally takes place at a temperature of about 25** C to ensure c(miplete hydradtm^ 

1 5 ahhough other temperatures may be employed as (ksired. The time required for reconstitution will depend, eg.« 
on the type of diluent, amount of excipient(s) and protein. Exemplaiy diluents include sterile water, bacteriostatic 
water for injection (BWFI), a pH Iniffered solution (eg. phosf^iate-bufTered saline), sterile saline solution. 
Ringer^ solution or dextrose solution. The dihtent opti<mally contains a preservative. Exonplary preservatives 
have been described above, with arcunatic alcohols such as benzyl or phenol alcohol being the prefentd 

20 preservatives. The amount of |»eservative employed is determii^ by assessing different preservative 
concentrations for compatibility with the protein and preservative efHcacy testing. For example, if the 
preservative is an anmiatic ala^l (sich as benzyl akofaoIX it can be present in an amount from about 0.1-2.0% 
and preferably from about 0.5-1.5%, but most preferably about 1.0-1.2%. 

Preferably, the reconstituted formulation has less than 6000 particles per vial which are 2 10 ^m in size. 

25 ^ - D. Administrattofl of the Reconstituted Fonnnlattoa 

The reconstituted formulation is administered to a mammal in n^ of treatment with the protein* 
preferably a human, in accord with known methods, such as intravenous adminisoration as a bolus or by 
continuous infusion over a period of time, by intramuscular, intraperitoneal intracerobrospinaU subcutaneous, 
tnua-articular, mtrasynovial, intrathecal, oral, tc^ical, or inhalation routes. 

30 In preferred embodiments^ die reconstituted formulatioobiKlinmbtered to tte 

(Le. beneath the skin) administratiorL For such purposes, the formulaticm may be injected using a syringe. 
However, other ctevices for administration of the formulation are available such as injection devices (eg. the 
Inject-case™ and Genject™ devices); injector pens (aich as the GenPen needleless devices (eg. 
MedUector^ and BioJector^; and subcutaneous patch delivery systems. 

3 5 The ap{^o{mate dosage ("therapeutically effective amount") of the protein will depend, for example, 

on the c(Mulition to be treated, the severity and course of the condition, whether the protem is administered for 
preventive or therapeutic purposes, previous therapy, the patient's clinical history and response to the protein, 
the type f prcHein used, and the discretion f the attending physician. The protein is suitably administered to 
the patient at one time r ver a series f treatments and may be administered to the patient at any tnne from 
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diagnosis onwards. The protein may be administered as the sole treanncnt r in conjimction with other drugs 
r therapies useiiil in treating the condition in question. 

Where the protein f choice is an antflwdy, firon about 0 J -20 mg/kg ban initial candidate dosag for 
admintstradcHi to the patient, whether, for example, by one or more separate administrations. However, other 
5 dosage regimens may be useful Thc|TOgressof die th«ai^ is easily monitored by conventional tedmiqi^ 
In the case of an anti-HOl2 antibody, a therapeutically effective amoum of the antibody may be 
administered to treat or prevent cancer ctoacterized by ov ei expr e ss ion of the HER2 reoeptcar. It is contemplated 
that a reconstituted formulation of the anti-HER2 antibody m^ be used to treat breast, ovarian, stomach, 
enctometrial, salivary gland, hmg, kidney, colon and/OT bladder cancer. For example, the anti-H£R2 antibody 
10 may be used to treat ductal carcimnrna in situ (DCIS). Exemplary d(»ages of the ami-H£R2 antibody are in the 
range 1-10 mg/kg by one or more sei^rate administrations. 

Uses for an anti-Ig£ fmmulaticm inchute the treatmem or (^o{^ylaxis of IgE-mediated allergic d i sease s, 
parasitic infections, interstitial cy^itis and asthma, for example. Depending on the disease or discmlo- to be 
treated, a therapeutically effective ammmt (eg. firom about 1-15 mg^) of the anti-IgE antibody b ^iministered 
15 to the patient. 

E. Articles of Manufacture 

In another embodiment of the inventiiHi, an artkic of manufacture is provided which contains the 
tyoi^ilized formulaticm of the i^esent invention and provides inactions for hs reconstitution and/cM" use. The 
article of manufecture comfnises a amtaino-. Suitable containers include, for example, bottles, vials (eg. dual 
2 0 chamber vials), syringes (such as dual chamber syringes) and test tubes. The container may be formed from 
a vari^ of materials such as glass or plastic. The cratainer hokb the lyof^ilized formulation and the label on, 
or associated with, the container may indicate directions for reconstitution and/or use. For example, the label 
may indicate that die lyophilized fomiulation b reccmstituted to prcHein concentraticms as ctescribed above. The 
label may Rtrther indicate that the formulation b useful or intended for subcutaneous administration. The 

2 5 container holding the formulation may be a multi-use vial which alk>ws for repeat administrations (eg. from 2-6 

administrations) of the reconstituted formulation. The article of manufacture may further comprise a second 
container ccmipnsing a suitable diluent (eg. B WF1). Upon mbcmg of the diluem and the lyc^ilized formulaticm, 
the final {mnein concennation in the reccmstituted formulatkm will ^ncrally be at least 50 mg/mL. The article 
of manu&cture may furdier inchute od^maternis (ksirable from a arnm^rcial and user aaitdpoint including 

3 0 other buffers, diluents, filters, needles, syringes, and p^kage inserts with instrmions fcH- use. 

The invraticm will be mm fiilly umterstood by reference to the following examples. They should not, 
however, be construed as limiting the scope of the inventicm. All litoature citations are incorporated by 
reference, 

EXAMPLE 1 

3 5 ANn-HER2 FORMULATION 

Overexpression of the HER2 (noto-oncogene product (pi 85^*^*^ has been associated with a variety 

of aggressive human malignancies. The muiint monockmal antibody known as muMAb4D5 b directed against 

HER2 

the extracellular domain (ECD) fpl85 . ThemuMAb4D5m lecule has bera humanized in an attempt t 
imfTOve its clinical efficacy by reducing immunogenicity and all wing it to support human effector functions 
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(sec WO 92/22653). Thfaexmnplc describes the ctevdqmicnt of a lyojrfi^^ tengtfa 
humanized antibody huMAb4D5-8 (tescribed in WO 92/22653. 

In the development of a lyoi^ulized formolatioa cxcipients and buffbs are initially screened by 
measuring the stability of the f^otem after tyi^ilizatxon and rcccMistimtioo. The lyo{Mized protein in each 
5 ftmnulation is also subjected to acceteated stability studio 

its shelf-life. These ^celerated sOKiies are usually poformed 8i temperanues dxive the proposed sundgt 
onulitkms and the data are ttoi u^ to ggtimiite the activation energy for (kgractetion reactions asaiming 
Anteihis kinctks (Clefemi cr aJ^ Cntwal Beviews in Therepeutic I>ug Carrier Sy&ems 10(4): 307-377 (1993)). 
Tlw activatkm energy is ttei used to calcukte tfw expected djelf-life of the iHOtetn fonnuktion at the proposed 

X 0 storage ccmditifms. 

In early screening ^ies, the stability of sevml lyc^ilized recombinant humanized anti-HER2 
antawdy (rhuMAb HER2) fomiulations was investigated after incub^km at 5*C (proposed storage amdition) 
and 40' C (accetatted stability ccmdition). hi the liquid state, rhuMAb HER2 was d^^ed lo degrwte by 
deamidation (30A^ of lig^t diain) and tsoaspartate fomiaii<m via a cyclic tmide in^mediate, succmimide 

1 5 ( 102A5P of heavy chain). The deamidation was minimized ai pH 5.0 resulting m (kgradation pnmarily at the 
succinimide. At pH 6.0, slightly greato* (teamidatton was observed in the liquid protein formul^ion. The 
tyof^ilized fcmnuktkms were therefore studied with: (a) 5 or 10 mM siKxim^ buffer, pH 5.0 ch* (b) 5 ch- 10 roM 
histidine buffer, pH 6.0. Both buffos contained the surfactant polysorbate 20 (Tween 20™), which was 
employed to reduce the potential for aggregation of the reconstituted protein and minimize the fonnation of 

2 0 particulates aftw reconsritution. These bufPers were used with and without various sugars. The protein was 

formulated in the InifFcr at 5.0, 2 1 .0 or 25.0 mg/mL. These formulati<ms were then lyof^ilized and assessed fiw 
ffftnein stability after 2 weeks at 5''C and 40*" C. In the lyophilizer, the viab were frozen at a shelf temperature 
of -55* C fw ai^ximately 5 hours followed by prinuiry drying at a shelf temperature of 5* C and 1 50 mTorr 
for 30 hours, and drying to 1-2% residual moisture was achieved with secondary drying at a shelf temperature 
25 of 20*C fw 10 hours. The major degradation route for this protein up<m lyophilizati<Hi was aggregation, and 
ttoefc^ the imetn stability was assessed by native size exclusion chromatography to measure the recovery of 
intact native protein (% intact protein in T^le 2 below). 

The st^ilizing effects of variota lyqnx^ectant sugars on lycphilized protein was measured in 1 0 mM 
sodhrai siKxinatc, pH 5.0 (Table 2). At high sugar ccmcemratiras (250-275 mM) and low j^c^in OMKWfitr^n 

3 0 (5.0 mg/mLX trehalose aiul ^rtose stabilized the pmcm against aggr^aticHi for the lyof^ilized protein stored 

fix 2 wedcs at 40** C. However, lactose, a rechicing sugar, was d)served to re^ with the prc^in ova- longer term 
stm^e at 40^*0. The formulations at 5.0 mg/mL i^metn containing eitho* sorbitol or mannitol yielded 
aggregated protem after storage at 40''C for 2 weeks. At the higho- pnnein concentration (21.0 mg/mL), 
fcHmulatkms amii^lsing mannitol or mannitol in annbinatton with sorbitol or glycine, contained aggregated 
35 protein after lyof^lizatton and storage at both comiiticms. in contrast, trehalose and sucrose prevented 
aggregation at both storage conditions. 

The 250 mM trehalose and 250 mM l3Cti>se formulati<ms were assessed for long term stability. After 
9 mcmths at 40° C or 1 2 months at 5" C, there was no change in die % intaa protein for the tr^iabse fc»mulatkm. 
For the lactose fbrmulaticm, the % intact protein remained constant (same as initial) after 3 months at 40° C or 
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6 mcmtfas at 25**C. The trehalose fcmnukticm could be stored at ccmtroUed nxmi temperature (15-30" C) for 2 
years witfafnit a significant diange in % intact pn^in. 

Iht 10inMhistidine,pH 6.0 f<mnuiatkm with niannitolccHmixmiles 
at40*'Cf(H'2 wedcstfaanthe 10 mM succinate formutetimu pH 5.0 with mammoL This resuh may be related 
5 to scmie^abilizmg effect coxmilnited by histuli^akH». Afta'storageat40'*Cfc»'2 weeks, there was, towever. 
sigmfkamaggr^atkmforhistidn»akme(»'histkiine/mfflmjto TI^»Mxtkmofsi%n»e at equal 

mass to mannitol (10 mg^nL of e^) in the hbtidine fmiuktkHi Ai^iliznl the f^dein a^mst ^regaticm fc^ 
both storage omditions. The use of glycii^ with mannitol dkl m^t an|mve the protein st^ility, while tl^ 
sucrf^gtycme formulation {^vided die same stability as ti» siUTt^e/mamiitol fcmnulatkm. These results 
1 0 furtho- indicated diat sucrose was useful for (Mreventing aggregation of the lyof^lized |»otcin durmg storage. 



TABL£2 



1 Composition Prtor to Lyopbilizatton 


% Intact Protdn* 


[Proteinic 
(me/mL^ 


Formulation 




Lyophiltzed 
(2 wlu5*C) 


Lyophtlized 
C2wiu 40' Q 




10 mM sodium succinate pH 5.0 






5.0 


275 mM trdiak^, 0.01% Tween 20t»« 


98.9 


99.1 


98.9 


5.0 


275 mM lactose, 0.01% Twe«i IQi^ 


96.8 


96.5 


96.6 


5.0 


275 mM sorbitol 0.01% Tween 20™ 


99.4 


99.3 


95.4 


5.0 


250 mM mannitol, 0.01% Tween 20™ 


100.0 


99.9 


98.8 


5.0 


250 mM trehalose, 0.01% Tween 20™ 


100.0 


99.9 


](K).0 


5.0 


250 mM lactose. 0.01% Tween 20™ 


100.0 
99.3 


lOO.O 


100.0 


21.0 


250 mM trehalose, 02% Tw^ 20™ 


99.1 


99,1 


21.0 


250 mM sucrose. 0.2% Tween 20™ 


99.6 


99.6 


99.7 


21.0 


250 mM mannitol 0.01% Twccn 20™ 


1(K).0 


94.6 


94.0 


21.0 


188 mM mannitol/63 mM swbhoL 0.01% 
Tween 20™ 


99.8 


98.6 


96.5 


21.0 


250 mM mannitol/25 mM glycine. 0.01% 
Tween 20™ 


99.5 


96.5 


96.4 




10 raM htetidine pH M 






98.9 


21.0 


No sugar, 0.01% Tween 20™ 


100.0 


99.9 


21.0 


54.9 mM mannitol 0.01% Twewi 20™ 


100.0 


99.9 


992 


21.0 


292 mM sucn^e/266.4 mM glycine, 
0.01% Tween 20™ 


1(K).0 


100.0 


99.6 


21.0 


54.9mMmannit 1/266.4 mM glycme, 
0.01% Tween 20™ 


1(K).0 


99.8 


98.9 
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1 Compositioa Prior to Lyophiliation 


% Intact Protein* \ 


IProtdn)^ 


Fonnolfttion 


Uqnid 


Lyophilizied 


Lyopliiiizcd 1 
(2wk,40»Q 


21.0 


54.9 mM mannitol/29.2 mM sucrose. 
0.01%Tweca20™ 


99.8 


lOO.O 


99.7 



a. The fraction of tnt^ {mytein was meieured by native size exchiston HPLC and tlie peak area of the native 
jOTKcin relative to the total peak area mchaling aggrcgaies 

of 1.0 mL/tnin; ehitim with |du>s{^iate differed saline: dmction at 214 and 280 nm). The protein fonnulatkms 
weie analyzed before lyc^Mizatum Oiquid. 5** Q and after lyo|Mi 

b. Fcmnulaticms consaming 5 mg^nL protein were reconstrtined widi dotilled water (20 mL« 5.0 mg^mL protetnX 
and fbnnutatUHis 'ytntwtnmg 21 mg^nL i^otein were reccmstinxted with bacteriostatic water for injection (BWFl, 
0.9% benzyl alcohol; 20 mL, 20 mgfmL protein). 

The delivery of a high ymitein concentration is often required for subcutaneous administration due to the 
vohnne limitations 1.5 mL) ami dosing requirements (a 100 mg). However, hi^prmein concentrations 50 
mgAnL) are often difftcuh to achieve in the roanufocturing |m>cess since at high concentrations, the protein has 
a tendency to segregate during processing and beamies difficuh to manipulate {e.g, pump) and sterile filter. 
Alternatively, the lyophilization process may pi ,vide a method to allow concentration of the protein. For 
example, the protein is filled into vials at a volume (Vf) and then lyophilized. The lyophilized protein is then 
reamstituted with a smaller volume (Vr) of water or preservative (eg. BWFI) than the original volume (eg. Vr 
° 025V f) resulting in a higho- {notein concentratbn in the reconstituted solution. This process also results in the 
concmtration of the buffers and excipioits. For subcutaneous administration, the solution is desirably isotcmic. 

The amount of trehalose in the lyq>hilized rhuMAb HER2 was reduced to produce an isotonic solution 
upon rec(mstitution to yield 100 mg/mL lutein. The stabilizing effect of trehalcm was ctetermined as a function 
of concentration for 5 mM sodhmi succinate, pH 5.0 and 5 mM histidine, pH 6.0 at 25.0 mg/mL protein (Table 
3). At trdialose concenoati(ms from 60 to 200 mM. there was no significant aggregation after incubation of die 

lygjrfyUz«[|notein fw^^ with 20 mL of bacteriostatic wato- 

for injection (BWFL USP. 0.9% benzyl alcohol). Reconstitution of tht 50 mM trehalose formul^on (5 mM 
sodium succinate) with 4 mL of BWFI ( 1 00 mg/mL |m>tesn) after incubati<m for 4 weeks at 40" C yiekied a slight 
increase in aggregate fcmiaikm. The i^eserved reccm^ituted fmnulations provicted the advantage of multiple 
withdrawals from the same vial without sterility coticcms. When serile needles are used, these formulations 
would thm allow for several dcses from a single vial. 
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TABLE 3 



1 1 

Coraposittoa Prmr to Ly pfailization 


% lotsct ProtdQ* 1 


|rTOuui| 


FormnlatioD 




(4wk,5*C) 


L»yopfiiitzeu 
(4 wk,40*O 




5 roM sodium sacdnate pU 5.0 








25.0 


so tnM tr^ialnctf 0 01% Tween ?OTM ^ 


too 00 


100 0 


00 s 


25.0 


^ mM trehaiose. 0.01% Twem 20^^ 


100.0 


1(M).0 


99.9 


Z3.U 


ou mM trniaiose, ii.uivo i ween JV'^ 


lAA A 


1AA A 
iUU.U 


99.2 


25.0 


100 mM trehalose, 0.01% Twecn 20^ 


1(K).0 


100.0 


99.7 


25.0 


150 mM trehalose, 0.01% Tween 20™ 


100.0 


100.0 


99.8 


25,0 


200 mM trehalose, 0.01% Twecn 20™ 


1(K>.0 


100.0 


100.0 




5 raM bistidine pH 6.0 








25.0 


38.4 mM mannttol/20.4 mM sucrose, 0.01% 

nr 'lATll 

1 ween ^U'" 


100.0 


1CK).0 


99.3 




JO.** mivi manniioi/^u.4 miw sucrose, u.vixo 
Tween 20™' 


1 AA A 


1 AA A 


AO A 

yy.4 


25.0 


60 mM trehalose. 0.01% Tween 20™ * 


100.0 


100.0 


99.8 


25.0 


60 mM trehalose, 0.01% Tween 20™ 


100.0 


1(M).0 


99.4 


25.0 


100 mM trehalose, 0.01% Tween 20™ 


100.0 


100.0 


99.6 


25.0 


150 mM trehalose, 0.01% Tween 20™ 


100.0 


100.0 


100.0 


25.0 


200 mM trehalose, 0.01% Tween 20™ 


100.0 


100.0 


100.0 



a. Tht firactkm of intact i^mein was measured by native size excUtsicm HPLC and ctefined as the pe^ area of the 
native fmycein relative to the total peak area including aggregates (TSK3000 S W XL column. TosoHaas, with a 



20 flow rate of 1.0 mL/min; elution with phosphate bufTmd saline; detecti<Mi at 214 and 280 nm). The pmein 
foraiulaikHis were analyzed before lyo{^ilizati<m (liquid, 5° C) and after lyophilizzdcm and stc^age at 5*" C or 40** C 
for 4 weeks. Fonnulaticms were reconstinittd with bacteriostatic water for injection (BWFl, USP, 0.9% w/w 
benzyl akohol; 20 mL. 22 mg/mL protein). 

b. Reccmstituted with 4 mL of BWFl (0.9% benzyl alcohol) to yield 100 mg/mL protein. 
25 c. Rec(Hi5titutedwith4mLofBWFI(l.l%benzylalc(^ol)toyield I00mg^^sLp^I^^ 

d. Sample incubated for 2 weeks at 5"C or 40*^0 and then reconstituted with 20 mL of BWFl (0.9% benzyl 
alcohol) to yield 22 mg/mL prtnein. 

Cuntntly, rhuMAb HER2 is un<ter tnvestigatHHi as a tt»r^>eutic for the treatment of breast cancer. The 

protein b dosed to patients at 2 mg/kg on a weekly basis. Since the average weight of these patients is 65 kg, the 

30 average weekly (k^ is 130 mg of rhuMAbHERZ For subcutaneous admini^ratkm, injectt<m vohimes of 1.5 mL 

or less are well tolerated and, therefore, the protein concentration for a weekly subcutaneous adrainistraticm of 

rhuMAbHER2may be ai^ximately 100 mg/mL (130 mg average dose/UmL). As mentkmed above, this high 

protein concentration is difficult to manufk:ture and maintain in a st^le fonn. To achieve this high prmetn 

concentration, rhuMAb HER2 formulated in: (a) 5 mM sodium succinate, pH 5.0 r (b) 5 mM histidtne, pH 6.0, 

3 5 was lyophilized at 25 mg/mL prcnein in 60 mM trehak>se, 0.0 1 % Twecn 20™. TY^ lyof^lizadon was performed 

by filling 18 mL f the protein foraiulation into 50 cc vials. In the lyophilizer, the vials were frozen at a shelf 
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tcmpcraiure of-55"C for approximately 5 hours followed by primary drying at a shelf tonpcramre of 5'C and 
1 50 mTOT to SO hwirs, and drying to 1 -2% residual moisture was achieved with seccmdary <hying at a djelf 
raipcramre of 20**C fw 10 hours. Thermocouples placed in viab aartaining the placebo (formulation widwrnt 
[^otein)Qulicated that the product in dte vols was maintained Sequential 
5 stoppering studies during the iy<^ilizati(Hi revealed that die reside 
lessdian 10%. 

The lyophilized protein w» dien reconstituted widi eidier 4 w 20 mL of BWFI (0.9 or 1.1% benzyl 
alcohol) to yield concentrated protein soluticms: 

(a) 4mL: 102 mg/mLrhuMAbHER2, 245 mM trehalose, 21 mMsodhmi succinate, pH 5.0 21 
10 mM hisddine, pH 6.0, 0.04% TWeen 20™; 

" (b) 20mL: 22mg/mLrhuMAbHER2,52mMtrehatose,4mMsodiumsiMxinate,pH5.0cr4 
histidine, pH 6.0. 0.009% Twecn 20™. 
After storage of the lyophilized formulations for 4 weeks at 40"* C and reccmstitution to 22 mg/mL 
protein, the amount of aggregated protein appeared to increase slightly with ctecreasing trehalose concentration. 
15 The stability of the lyop^ttized pmem was not affected by the vohunc of recon^itution. As shown in Figure I, 
the amcnmt of intact protein after incubation of the lyophilized prolein at 40* C was the same for the 60 mM 
trehalose. 5 mM sodium succinate. pH 5.0. 0.01% Twcen 20™ formulation reconstituted with eitho^ 4 or 20 mL 
of BWFI. 

The results shown in Table 3 suggested diat diere may be a relaticmship between the trehalose 
2 0 concentratiOT and the i^otein stability. To further assess this relationship, the formulations containing different 
concentiatimis of trehabse formulated in either sodium succinate ot histidine were incubated fw 91 days at 40**C. 
The stability was then measured as a function of the trehalose to protein molar ratio for each concentraticm of 
trehalose. As shown in Figure 2. the protein ^ility clearly decreased with decreasing trehalose concentration 
forb<^f(ffmulat!ons. There was no apparent differem^ between the two buffers, succinate and hisddine. in 

2 5 foTmulati<ms suggesting that the primary stabilizer under the se cond it kms is treh alo se. In additiotL th e observed 

decrease in intact protein for both these formulations would be accei^able even at the low trehalose cmicentraticm 
for a fcmnulattcm that is stored at 2*S° C thnnighout its shelf*iife. However, if omtrolled room temperature (BO^'C 
maxmimum temperature) stability is required, higher trehalose concentratitms (2 600: 1 trehalose:protetn) may 
be needed impending on the stability specificaticms for die product (£e the specification f^ the amount of int»3 

3 0 protein remaining after 2 years of storage). Typically, a controlled room temperature stangt condition would 

require stability for 6 months at 40" C which b equivalent to storage at 30** C for 2 years. 

As shown in Figure 3, the250mMtrdialosefcmnulaticm was unchanged after 6 months m 40** C while 
both the 60 mM trehalose formulations were less stable. The 60 mM trehalose formulations may then require 
refrigerated stcnra^e if the prodtrct specificaticm at die eml of its shelf-life is, for example, >98% int^ protein by 
3 5 native size exclusion chromatography. 

In the previous screening study, aicrose was also observed to i^vvem aggregati<m of rhiiMAb 
lyophilizadcm and subsequent storage. To achieve isotonic solutions after reconstitudon for subcutaneous 
administration (approximately four*fold concoitration f formulation compcmoits and proteinX the sucrose 
concentran n must be reduced significantly. The equal mass concentration of sucrose and mannttol (bulking 
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agent) used in the screening siidies prevented aggregation of ti^ protein. A lower concentration of sucrose and 
mannitol (equal mass c om xi maik ms) was dtosen as apotcntbl subcutaneoig fmnulaticm of rfauMAb HER2. The 
(ffmein sohjti<m (25 mg^mL protein. 5 mM h^tidine, pH 6,0* 38.4 mM (7 rng^nL) mannitoL 20.4 mM (7 mg^aL) 
sucrose. 0.01% Tween 20^ ws tyc^^iilizBd in the same man^ 
5 the primary drying cycle was extaided tt> 54 hours. After 4 weeks ai 40* Ctterew^ a slight increase in the 
amcnmt of aggr^ates after reconstituti<m with 4.0 or 20.0 mL of BWFl (T^le 3). Hk amount of aggregated 
protein was the same for reccmstituticm Bt 22 or \W mg/mL protem (Figure 4). Like the 60 mM trehalose 
fonnulaticms, the mannitol/sucrose fOTmulaticm ytekied less intact inotein ova* time at 40" C. The molar ratio of 
siK:rosetopn^einfc»-thisformtttetim)was 120to l,a^catingdmthemfflmiU3l/sucroseccHnbinatkmmay bemOTe 

1 0 effective than trehalose alone at the same molar ratio of stabilizing sugar (Figures 2 and 4). 

In the previous examples, the st^ility of the lyo|^iiiz^ rhuMAb HER2 fcrnnuhoions was detennined 
as a function of temperature. These studies demonstrated that the trehak>se and mannitol/sucrose formulatk>ns 
prevented degradation of the protein in the lyophilized state at high temperatures (40** C). However, these 
experiments did not acklress the stability of the protein after reconstitution and stmage. Once reconstituted with 

15 BWFI, the lyophilized rhuMAb HER2 fonnulations may be used for several administrations of the drug. In 
particular, the vial conftguration (450 mg rhuMAb HER2) was designed to provide three doses to the average 
patient (130 mg rhuMAb HER2 per dose). Since the drug is dosed weekly, the vial may be stored at least three 
weeks afto* reconstimtion. To assure that ^ rhuMAb HER2 remained stable after reomstitution. lability stud^ 
on the reconstituted rhuMAb HER2 fonnulations were performed at 5°C and 25''C. 

20 For subcutaneous admm^tratkni, the formulations wm reconstituted to 100 mg/mL (4 mL BWFI). At 

this high protein concentration, the proxem may be more susceptible to aggregation than the intravenous dosage 
fcmn that was reconstituted to 22 mg/mLfm^tn (20 mL BWFI). The ftMir rhuMAb HER2 ftmnulattons from the 
previous example were assessed for aggregation (loss of intact imitein). As shown in Tables 4 through 6, there 
was no difTerence in stability for formulations reconstituted at 22 and 100 mg/mL protein. Furthermore, these 

2 5 fcrnnuladcms nuuntained the pn^tn compkxtly intact for up to 90 days at 5 C and 30 days at 25 C, indicating 

that the reconstituted protein could be stored refngeraied for at least 90 days. Unlike the lyophilized protein 
stability in the previous example, trehalose conccntrati(Hi in the formulation did nc^ affect the protein stability 
(Table 7). 

TABLE 4 

3 0 Stability of the reconstituted formulations fOT rhuMAb HER2 lyophilized 

at 25 mg/roL protein in 5 mM sodium succmate, pH 5.0. 60 mM trehalose, 0.01% Twecn 20"^ 



Time 


% Intact Pro^ | 


(days) 


22 mg/mL protein 


\W mg/mL protein j 






2rc 


rc 


arc 1 


0 


99.9 


99.9 


99.7 


99.7 


14 


ND 


100.0 


ND 


100.0 


30 


100.0 


100.0 


lOO.O 


100.0 


91 


99.8 


ND 


100 


ND 
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TTte samples were reccmaitntcd with 4.0 or 20.0 mL of BWH (1.1% orO.9% benzyl alcohol), and thai stored at 
S^C or 25'C. The % intact protein was defined as the firaction of native peak area as measured by native si» 
exclusion chromatography. ND = not d«crmined. 



TABLES 

Stability of the reconsdtuted formulations for rhuMAb HER2 lyophilizcd 
at 25 mg^ protein in 5 mM histidine* pH 6.0, 60 mM trehalose, 0.01% Twera 20*^ 



I Time 


% InUct Protein 


(days) 


22 mg/mL protein 


1(M> mg/mL protein 






arc 




2rc 


0 


100.0 


100.0 


100.0 


100.0 


14 


ND 


100.0 


ND 


100.0 


31 


99.3 


99.7 


100.0 


m.o 


61 


100.0 


ND 


ND 


ND 



The samples were rcconstimted widi 4.0 20.0 mL of BWFI (1 .1% or 0.9% benzyl alcohol), and then stored at 
S^C or 25 "C. The % intact lutein was defined as the fraction of native peak area as measured by native size 
exclusion chromatography. ND = not determine. 



TABLE 6 

Stability of the reconstituted formulations for rhuMAb HER2 lyophilized 
at 25 mg/mL protein in 5 mM histidine^ pH 6.0, 38.4 mM mannitol, 
20.4 mM sucrose, 0.01% Tween 20™ 



1 Time 


% Intact Protein 


(days) 


22 mg/roL protein 


100 mg/mL protein 






25* C 




25'C 


0 


99.7 


99.7 


99.8 


99.8 


14 


ND 


100.0 


ND 


99.8 


31 


1(K).0 


100.0 


100.0 


100.0 


92 


100.0 


ND 


1(M>.0 


ND 



The samples were reconstinited with 4.0 or 20.0 mL of BWFI ( 1 . 1 % or 0.9% benzyl alcdiol), and then stored at 
5*0 or 25 "C. The % intact protein was defined as the fraction of native peak area as measured by native size 
exchision chromatography. ND « not d^omined. 
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TABLE? 

Stability of the reconstituted ftmnutezions to rhuMAb HER2 lyophilized 
at 21 mg^ pnwem in 10 mM sodium aiccmatc, pH 5.0, 250 mM trriialosc, 02% Tweai 20™ 



5 



Time 
(days) 


% iDUct Protein 
21 mg/mL protein 


rc 


2rc 


0 


99.8 


99.8 


14 


ND 


100.0 


31 


99.9 


99.4 


92 


99.8 


ND 



10 The sjonplcs were rcc«rmittited with 20.0 mL of B WFl (0.9% benzyl alcohol), and th«i stored at 5' C w 25" C. 
The % intact protein was defmed as the fraction of native peak area as measured by native size exclusion 
chromatography. ND ™ not determii^ 

As mentioned previously, the major degradation route for rhuMAb HER2 in aqueous solutions is 
1 5 deamidaticm or succinimide fcHmation. The k>ss of native protein due to deamidation or succinimide formation 
was assessed for the four reconstituted rhuMAb HER2 formukticms. 

Analysis of rhuMAb HER2 deamidation and succinimide formation was performed using cation 
exchange chnmiatography. A Bakerbond Wide-Pore Carboxy Sulfon (CSX) column (4.6 x 250 mm) was operated 
at a flow rate of 1 mL/min. The mobile phase buffers were (A) 0.02 M sodium phosphate, pH 6.9, and (B) 0.02 
20 M sodium phosphate, pH 6.9, 02 M NaCL The chromatography was then performed at 40° C as follows: 



TABLES 



P Time (min) 


% Buffer B 1 


0 


10 


55 


45 


57 


100 


62 


100 


62,1 


10 


63 


10 



Peak elution was monitored at 214 run and 75 pg of protein was loaded for each analysis. 

30 Again, there were no differences in stability of the formuhuicm reconstituted at 22 and 100 mg^iL 

protein (Figures 5 thnnjgh 7). The pHtJtein (tegiadmiori was more rap^ at 25* C than 5''C fcff each formuto^ 
aiul die rate fdegrsuiaticm was comparable for all the fcnmulationsstcHed at 5"* C. The formulations coiuainmg 
histidine underwent a slightly greater rate fdegradation at 25''C than the siKxinate formulations. The amount 
of trehalose in the formulation did not affect the degradation rate at eitlKr temperature (Figures 5 and 8). Ttee 
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results indicated that these four f imulatkms provicte an acceptable rate f degradaticm under refrigerated 
sorageconditioQs(5**Qfortheintaided period f use (30 days after rcccmstitutiOT with BWFI). 

Multi-use fonnulatkmssbcmld pass preservative efficacy tesdngffi described fay the 
(USP) for use in the United States. The rhuMAb HER2 lyof^lized fonnulation consoling f 25 mg/mL 
5 pnytetn,SmMhistidine,pH 6.0, 60 mM trehalose. 0.01% Tween 20^^ 

alcohol ^ concentrations b^een 0.9 and \3% w/w. For concentraticms at or above 1.3% w/w, the 
rec(Histitutedsohitionbecan»cknxdy after overnight incd>atkm at r Reccmstituticni 
with the standard B WFI sohitxmi (0.9% benzyl akdxol) resuhed in a sohition that did not consistently pass the 
preservative chaitenge tests. However^recoxistitutkm with l.Oor 1 J%beiuyialcohoi w^bodicompatiblewith 
10 the ftnmuteticni and passed the imervativedialtengetestmg. Themfflnifecturer's^)edfkaticmsf(»'thesohxticm 
required a range of ± 10%. and therefore, the lyophilized fonnuiaticms are reconstituted with 1.1% benzyl 
alcohol (1.1 ±0.1%). 

A singte stq> lyo^ization cycle for the rhuMAb HER2 fcnmulation was developed . In the single 
step lyophilization cycle, rhuMAb HER2 at 25 mg/mL, 60 mM trehalose, 5 mM histidme pH 6 and 0.01% 
1 5 polysorbate 20 was tyop^ilized at a shelf tonperature of 20° C and a pressure of 1 50 mTorr. After 47 hours, 
the residual moisture content of the lyophilized cake was less than 5%. This lyophilization cycle is considered 
to be useftil in that it simplifies the manufacturing process, by eliminating the secondary drying ^p. 

EXAMPLE 2 
ANTl-lgE FORMULATION 
2 0 IgE antibodies bind to specific high-affinity receptors on ma^ cells, leading to mast cell degranulati<ni 

and release of mediators, sirch as histamine, which frnxhtce symptoms associated with allergy. Hence, anti-lgE 
antibodies that block binding of IgE to its high-affinity receptor are of potoitial therapeutic value in the 
treatment of allergy. These antibodies must also not bind to IgE once it is bound to the receptor because this 
would trigger histamine release. This example describes the development of a lyophilized formulation 
25 comprising full length humanized anti-lgE antib<K^ 151: 
2623-2632(1993). 

Materials: Highly purified rhuMAb E25 (recombinant humanized anti-lgE antibody MaE 1 1 ) which 
did not ccmtain Tween 20^ was used in the formulations described below. Spectra/Por 7 dialysis membranes 
were purchased from Spectnmi (Los Angeles, CA). All other reagents used in this study were obtained from 

30 commercial S(Nirccs and were of analytical grade. FcMmulaticm buffers mid chromatography mc^ile phase were 
prepared by mbcing the apfHt^riate amount of buffo- and sah with Milli-Q vmct in a volumetric flask. 

Formulation: E25 S Sefrfiarose pool was dialyzed into formuiatkm buffers as ^>ecified. Dialysis was 
accomplished by a minimum of 4 x 2L buffer ^changes over a 48 hour period at 2-8° C. Following dialysis, 
lyoprotectant was added at a isotonic concentration to some of the formulations as required. Protein 

35 conceritratkm following dialysis was determined by UV spectn^scopy using a molar abs<^^ The 
dialyzed protein was dihited to the predetermined formulation concentration with an appropriate formulation 
buffo-, sterile fihered using a 021 {nm Millex-GV fitto- (Millipore) and dispensed into pre-washed and 
autoclaved glass vials. The vials were fitted with siliconized teflon lyophilization stoppers and ly(^ilized 
using the f llowing conditicms: the E25 formulati n was frozen to -55''C at SO'^C/hour and the vial ccmtent w^e 

40 keptfrozenf r4hours. TheshelftempCTature was ramped to 25" Cat 10° C/hour for priniary drying. Primary 
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drying cankd out at 25''C, 50 |i chamber vacutsn {hcssutc fa^ 39 iKnirs sich that the residual moisture of 
the tyophilized cake was 1-2%. Following lyo|^ilizatioii, a vial f each fofmuiatkm w^ rem ved Iim- t==0 
analysis and the lemaining viab were held at varknis tempenmires which mchKle -70''C 2-8' C. 25*'C, 30**C 
(ccmtrolled rown tsranperanire) 40" C and 50* C. 

Chromaog^hy: Native size exchgkm dinmu m^rai^iy was cared o<a <m a Bio-Rad Bio-Setea™ 
SEC 250-5 cohmm (300 x 7.8 tarn). The cohmm was ecpiililHated ami ran in PBS at a fkiwnae of OJ mU^in 
usmgaHewtettPi^canJ I090LHPLCe(pqq3edwithadkxkmayde{ea^ Mokcularwe^5tanc^ds(Bto- 
Rad, Inc.) cmisisting of diyroglolHilin (670 kdX gamma-glolnilin (158 kd), ovalbumm (44 kd), and 
cyanocobatemm (1.35 kd) were used to calibrate tl^ cohmm. The sample toad was 25 pg and protein was 
detected by monittmng the UV ^)sorTAtcm at 214 nm using Turbocfarcmi 3 software (PE Nelscm, inc). 

Hydrophobic Imenxtion Chrcmatogn^hy: F(ab')2 fragmosts of the E25 antibody were 
chranatognq^ using a TosoHaas Butyl-NPR column (3.5 x 4.6 mm) and a Hewlett P^Ouud 1090L HPLC 
equipped with a dkxte anray detector. Eluticm buffer A was: 20 mM Tris, 2 M fflnmonhmi ^Ifate^ 20% (v/v) 
glycerol pH 8.0 while elution Imffer B was: 20 mM Tris, 20% (v/v) glycerol, pH 8.0. The column was 
equilibrated with 10% elutitm buffer B at a flow rate of 1.0 mL/min fw a minunum of 20 mtnu^. The sample 
load was 5 ftg ami f^otein was detected by mtmitoring the UV abs<»T^km at 2 1 4 nm using Turbochrom 3 data 
^quisiticm software (PE Nelson, Iik). Following injection of &e sampte, the colunm was mamtained at 10% 
buffer B for 1 mmute followed by a line^ gradient of from 10% to 62% buffer B in 20 minutes. The column 
was washed with 1(H>% buffer B for 5 minutes and re-equilibrated with 10% buffer B fen- a minimum of 20 
minutes between successive sample injecti<ms. 

Antibody Binding Activiiy: IgE receptor binding inhibitiim assay (1E25:2) was carrkd out as ckscribed 
in Presta ef a/., supra, on samples diluted to 20 ^g/mL and 30 pg/mL in assay diluent (phosphate buffer^ 
saline, 0.5% BSA, 0.05% polysorbaic 20. 0.01% Thimerosol). Each dihiti<m was ttoi assayed in triplkate and 
the results were multiplied by an ap)m>pnate dilution factor to yield an active concentration. The results 
fh)m 6 assays were averaged. The assay measures the ability of rhuMAb E25 to c<mtpetitivety bind to 
IgE and ti^reby prevent IgE txm binding to its high affmity recqjtor whk:h is cmmc^iiized to an ELISA plate. 
The resuhs are divided by the antibody concentration as detennined by UV absorption spectro^opy and 
rep<med as a specific activity. Previous experiments have shown that this assay is stability indicating. 

Pw^icuiaie Assay, Reomstituted vab of lyof^ilized rhuMAb E25 were pooi^ to ^ieve a volinne 
of ai^ximately 7 mL. A count of the number of particles of size ranging from 2 to 80 pm present in I mL 
of sample was detemiined using a Hiac/Royco mo<tel SOCK) counter. T\w counto- was fir^ washed widi 1 mL 
of sampte three tin^ followed by the measurement of 1 mL of sampk m triplicate. The mstnmiait cktennu^ 
tlw numbo- of partk;les pa* mL that are equal to ca- greater than 1 0 pm aiul the number of particles per mL that 
are ^ual to or greater than 25 pm. 

The first step in the (kvelofmient of a fomiulatkm for the anti-lg£ antSxxty was to (ktermine a suitable 
buffo* and pH for lyophilization and storage of the product. Antibody at a concentration of 5.0 mg/mL was 
fOTmulated into 10 mM succinate tniffers rangmg frtmi pH 5.0 to pH 6.5 and into sodium ii^iosphate, pm^hmi 
phosphate and hisddine buffers at pH 7.0. Figure 9 sh ws increased antibody aggregate was observed in the 
higher pH formulations both befcne and after lyq>hilization. An exce{ni(»i was the histidine fmmukttion at pH 
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7» where no increase in aggregate was observed upon storage ai 2-8**C- Figure 10 dxows rhuMAb E25 
lyt^Mized in 5 mM hi^idinc buffer at boA pH 6 and pH 7 and stored for 1 yearat2-8'C 25*C, and 40* C. 
At each assay time point and storage te mp er atu re the pH 6 formulation had less aggregate than the antibody 
fbnnulatfidatpH7. These rcsute show hisddine at pH 6 is a paiticulariy usefid buffer system fw- p^^ 
5 aggregation of ibt antibody. 

To fonlitate screening of lyqHmectants. tfte anti-lgE antibody w^ formulated into sodium succinate 
at pH 5 with or without a lyoprotectant. Potential lyoproteOanis. added at isotcmic ccncaitratiwis, were 
grouped into 3 categorks: 

(a) non-reducing moiH^accharide {Le, mannitol); 
10 (b) reducing dbacchari(tes (te lactose and mahose); and 

(c) non-reducing disaccharides (Le. trehalt^ and sucrose). 

Aggregation of the f<mnuIations following storage at l-il^C and 40"* C for (me year is shown in Figures 
1 1 and 12. Wtdi storage at 2-8*C the monosaccharide formulation (mannitol) aggregated at a rate similar to 
the buffer connx)!, while formulaticms containmg the disaccharidcs were equally effective in controlling 
15 aggrcgati<m (Figure 11). The results following stcwage at 40"C where similar with the excejKitm of 

fcHTOulation which rapidly aggregated (which awrs'ntsd with a browning of the freeze-dried cake (Figure 12)). 
This was later shown to be caused by degradation of sucrose following stofage at both acidic pH and hi^ 
temperature. 

Hydrof^obic interaction chnnnatography of die antibody fonnulatcd in histidine buffer at pH 6 with 
20 Ifflrtose shows the antibody b altered following stc^efc^ 6 num^ 13). The chromatograf^y 

peaks arc broadciwd and the rttenticm time decreases. These changes are not observed with the buffw control 
and sucrose fonnulations stored under similar conditions as shown in Figures 14 and 15, respectively. 
Furthermore, isoelectric focusing showed an acidic shift in the pi of the antibody formulated in lactose and 
stored ^ 25'' C and 40° C. This indicates that reducing sugars are suitable as lyo;m^ectants for the antit^^ 

2 5 Aggregadcm of lyc^lized fmnulatkms of anti-Ig^ at a c^icentradcm of 20 nig/tnL in 5. mM histidine 

huffier at pH 6 with variwis c uK x n ua ti cms of sucrose and trehalose following storage for 12 weeks at 50' C b 
shown in Figure 16. Both sugars have a simikr f^otective effiKt on aggregation when the sugar concentraticm 
b greater than 500 moles of aigar per mole of antibody. Frwn these results, ismonic and hypertonic 
formulations of both sucrose and trehalose were identified fcH- furtho- develo^nnent The fcmnulations are 

3 0 designed to be filled prior to iyq>hilization at a relatively low concentration of antibody and the lyophilized 

prtxiuct is reconstituted with less volume dian was filled with bacterio^atic water for injection (BWFl) 
comprising 0.9% benzyl alcohol Thb allows the concentration of the antibody immediately prior to 
subcutaneous delivery and inchuks a fneservative for a potential multi-use formulation while avoiding 
interactions between the protein and i^cservative upcm long-term stmge. 
3 5 ls<Honic formulation: Anti*IgE at 25 mg/mL fonnulated in 5 mM histidine buffer at pH 6 with 500 

moles of sugar per mole antibody which equals a sugar concoitiation of 85 mM. Thb fonnulation b 
recon^ituted with B WFI (0.9% benzyl alcdiol) at a volume which b four times less than was filled. Thb reaihs 
in a 1 00 mg/mL f antibody in 20 mM histidine at pH 6 with an botonic sugar concentration f 340 mM. 
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Hyp&tonwformukaim: Aim-lgEat25mgtoLf(Mmulaiedin5 mMhetidi^ 
m Ics f sugar per m le antibody which equals a sugar concaaraiion f 161 mM This ftmnutetion is 
reconstituted with BWFl (0.9% baizyl alccAol) at a volume which is four times less than was filted. Thh 
results in a 100 mg/inL fmml)odyin20mMhistidincaxpH6withahypcrttmic»igarccnc^ f644 
5 mM. 

Ccmipariscms of the antibody aggregaticm foltewii^ sunage of the isoumic and hypenonk fomulations 
fen- up to 36 weeks are shown in Figures 17to 19. No change in aggregaticm fec^iserved in either the hypcrtwik 
or isotonkfonnulatkmswitii storage at 2-8** C (Figure 17), WilhstOTageatccmtrolledroomtOTpefaiure(30'C) 
increased aggregaticm is not c^iserved in hypemmk fmrnulatitms while an tnovase in aggregate of from I 

10 to 2% occws in the isotonic formukticms (Figure 18). Finally, following stwage « 50*C a minimal increase 
in aggr^ate b d)scrved with the hypertmiic fcmnutetions. a 4% increase in aggregate occurs widi the isotcmic 
trdiak^ fonnulatitm and a 12% incre^ in aggregate occurs widi the isotonic ^crosefoTO 19), 
These results ^w tf^ isotcmk fonnulatim ccmtains tte minimum amount of sugar necessary to maintain the 
stability of the antibody with stOTage at a tcmpOTture up to 30** C. 

15 The bimling activity of the anti-Ig£ in the isotonic and hypertonic fonnulations was measured in an 

IgE recef^ inhibition assay. It was discovered that the binding activity of the isotcmic and hypemmic sucrose 
and trehalose formulations was essentially unchanged following storage at -70° C, 2-8" C, 30° C and 50° C fw 
up to 36 weeks. 

Lyophilized fmrnuiatitms of proteins are known to omtain insoluble aggregates ch* particulates (Cteland 
20 et al.. Critical Reviews in Therapeutic Drug Carrier Systems. 10 (4):307.377 (1993)). Accordingly, a 
particulate assay of antibody lyc^htlized at a concentration of 25 mg/mL in 5 mM histidine, pH 6 with the 
addition of 85 mM and 161 mM sucrose and trehalose was performed. Polysortmte 20 was added to the 
formulations at a concentration of 0.005%, 0.0 1 %. and 0.02% Samples were lyc^hilized and assayed following 
reconstitution to 100 mg/mL antibody in 20 mM histidine, pH 6 with 340 mM and 644 mM sugar. The 

2 5 polysorbate 20 concentration following reconstitutimi was 0.02%. 0.04%. and 0.08%. 

Table 9 below shows the number of particles of size equal to or gremer than 10 ^m and equal to or 
greater than 25 ^m frcmi the isotonic and hypertonic sucn^ and trehalose formulati<ms. Polysorbate 20 was 
atkted to the fonnulations conccntratitms of 0.005% 0.01%, and 0.02% fwriOT to lyc^ilizatiwi. The results 
show that the additicm of Tween^ to the fOTmukttcHi significantly rediuxs the number of partktes in each size 

3 0 range tested. The US Pharm^peia (USP) ^)ecificati(m fm* small volume injections are noi more than 6,(K)0 

partictes of greater than or equal to 10 \xtn and not mcnr than 600 particles of greater than or equal to 25 ^m 
per container (Cleland et ai., supra). With the aldition of polysorbate 20, both the hypertonic and isotcmic 
formulations pass tiiis specification. 
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TABLE9 



1 F nnalation 


P lysorbatelO 


Paitfelcs per mL | 


^lOlUD 




Isotonic Sucrose 


None 


16,122 


28 




0.005% 


173 


2 




0.01% 


224 


5 




0.02% 


303 


6 


Hypertcmic Sucrose 


None 


14^0 


84 




0.005% 


73 


6 




0.01% 


51 


0 




0.02% 




6 


ls<mmi€ Trdiah>se 


Ncme 


33,407 


24 




0.(K)5% 


569 


4 




0.01% 


991 


16 




0.02% 


605 


9 


Hypertonic 
Trehalose 


Nwie 


24,967 


28 




0.005% 


310 


11 




0.01% 


209 


6 




0,02% 


344 


6 



One formulation developed for the anti-lgE antibody (te 143 mg vial ismonic fcmnulation of rhuMAb 
^~E25) which is^c(»^^tdered to be us^ delivery of thb antibody is shown in Table 10 betow. 

10 A 10 cc vial is filled with 5.7 mL of rhuMAb E25 at a c on ce n tr ati on of 25 mg/mL fcmnul^ed in 5 mM histidine 
at pH 6.0 with 0.01% polysorbate 20. Sucrose b added as a lyofmftectant at a concentration of 85 mM which 
corresponds to a molar ratio of sugar to antibody of 500 to 1. The vial is lyophilized and reconstituted with 
0.9% benzyl alcohol to <m quarter of the volume of tl^ fill ch- 1 .2 mL. The final ccmcetm^ttcm of o^pcments 
inthe fcmnulatton is increased four fold to 100 mg/mL rhuMAb E25 in 20 mM histidine at pH 6 with 0.04% 

15 polysOTbate 20 and 340 mM sucrose (isoumic) and 0.9% benzyl alcohol. The formulation contains histidine 
l»ifier at pH 6 because of its demonsuated protective effect on antibody aggregation. Sucrose was added as 
the lyoprotectant because of previous use in the f^iarmaceutical industry. The concentration of sugar was 
ctosen to reaih in an isotonic formulaticm upcm reccmstitutkm. Finally, polysorbate 20 b added to prevent the 
formation of insohible aggregates. 
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TABLE 10 



Pre-fyo{»iiilized Fonnaktkin 
(Fin 5.7 mL into 10 ce vial) 


Rccoiistitatcd Formolatioa 1 
(1 J mL 0.9% Baayl AteohoD 1 


25mg/ExiLrfauMAbE25 


100 mg/mL rfauMAb £25 


SmMH^dme.pH6.0 


20mMHbddixie, pH 6.0 


SSmM Sucrose 


340 mM Sucnwe 


OM%?ofysoibstt 20 


0.04% Polys(^bate 20 




0.9% Benzyl Alcdral 
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WHAT IS CLAIMED IS: 

1. AsaabteisotMikreaHgthutedfbnnulatoicimitais^ 

50 mg/mL and a diluent, which reconstituted fonnulation has been prepared from a tyophillzcd mixture of a 
protein and a lyoprotectant, wherein the protein concentration m the reconstituted formulation is about 2-40 
5 times greater than the i^mein ccmccntratiOT in the mixture before lyc^ihiltzatmn. 

2. The formuhdon of claim 1 wherein the lyofrotectant is sucrose or trechalose. 

3. The fbimulatkm of claim 1 which further comprbes a buffer. 

4. The formulaticm of claim 3 wherein the buffer is hi^dine or succinate. 

5. The formulation of claim 1 which further composes a surfiutant 

10 6. A stable l eco as timted fbrmuktion ccmiprising an ant3)ody in an anumm of at least abcmt 50 

mg/mL and a diluent, which reccmstituted formuhdcm has beoi i^epared from a lyophilized mbcture of an 
antibody and a lyt^trotectant, wherein the antibody uM K < n uat i on in tl» reccm^ioited fcmnulatkm is about 2-40 
times greater than the antibody concentration m the mixture before lyophilization. 

7. The formulati<m of claim 6 wherein the antibody is an anti-IgE antibody or anti-H£R2 
15 antibody. 

8. The formulation of claim 6 which is isotonic. 

9. A method for preparing a stable Ismtmrc reccmstituted formulaticm compising reccmstituting 
a lyophilized mixture of a protein and a lyo^notectant in a diluent such that the protein concentration in the 
reconstituted formulation is at least 50 mg/mL, wherein the protein concentration in the rrocmstituted 

2 0 formulation is about 2-40 times greata* than tbt prmein concratration in the mixture before lyophiliz^on. 

1 0. A method for preparing a formulation comprising the steps of: 

(a) ly<^hilizing a mixture of a protein and a lyoprotectant; and 

(b) reconstituting the lyophilized mixture of step (a) in a diluent such that the 
reconstituted formulation is isotonic and stable and has a protein concentration of at least about 50 mgAnL. 

25 1 1 . > The iitethod of claim 10 wherein the i^otein concentration in the reconstituted formulation 
is from.about 80 mg/mL to about 300- mg/mL— — — — 

12. The mettod of claim 10 wherein the (mHem concentration in the reccmstituted formulation 
is about 2-40 times greater than the protein ccmcentrattcm in the mbcture before lyophilization. 

13. The roettod of claim 10 wherein lyophilizatkm is perfkmried at a shelf temperature 
30 at about 1 5*30"* C througlumt the entire lyof^iltzaticm pocess. 

14. An article of manufacture ccmiprismg: 

(a) a ccmtainer which lu>kb a lyo|^lized mbcture of a protein and a lyoprotectant; and 
(b) instrt^cms for reccmstimting the lyophilized mbcture with a dihient to a 
protein concentration in the reccmstituted formulaticm of at lea^ about 50 mg/mL. 
35 15. The article of manufacture of claim 14 further com|Hising a seccmd ccmtainer which holds 

a diluent 

16. The article of manufecture of claim 15 wherein the dihient is bacteriostatic water for in,^ctxcm 
(BWFI) comprising an aromatic alcohol. 
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17. A ftnmulation coiupiising a lyo|Mizcd mixture of a lyo|mnectam and an and^^ 
the molar ratio of iyqmtectantramibody is ^xmt 10Q-!5(X) mok lyt^RY^ectant 1 mole antibody. 

18. Use f thefiannalationof^aim 1 in the ta e paiaiiou ofamedkamem fa treating a mammal 
whidi has a discmier requiring treatment with the imein m 

19. Use as in claim 18 wherein the famnlmicm is for subctxtarocms uhnmistratiim. 

20. A fmiHdatbn c omp ri si ng 8mFHER2 snsSbody in amcnmt tcxm abcnit S40 mg/mU wrt)se 
ortidialoseinanamountfrmnabcHit 10-100 mKf, a buffer and a surfixtant 

21. The fmmutetkm of cteim 20 further cmnprising a buOung agent 

22. The f(mnulation of cbnn 20 v^cfa is lyophilized and stabte at BO^'C for at Irast 6 mcm^ 

23. Ite fmnulatkm of daim 20 which b recon^ituted with a dihtent sudi that the anti-H£R2 
djs&ody comxntiatton in the reconsituted f<»rmulatimi b from about 10*30 mg/mU wherein the reccmstituted 
fonnuladon b stable at 2-8^C for at teast about 30 days. 

24. A fcmnutetion c(mi|»istng ami-Ig£ antibody in amtnmt from about 5*40 mg/mL, simose or 
trehalose in an amount from about 80-300 mM, a bufOa- and a ^ir^ictant 

25. The fonnulatton of ckim 24 which b lyophilized and stable at about 30''C for at least 1 year. 
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